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PREFACE 


. a 
‘ 


This hardware specification of the T200/T250 is 
divided into two parts: Part I and Part II. 


Part I describes the hardware specification of the CPU 
board (T2CPU). 


Part II describes the hardware specification of the 
CCM board (ETCCM). 


The 7200/T250 has an extended memory version on which 
63 K CP/M can run. The memory configuration of the — 
extended memory version will be discussed in APPENDIX C. 
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ABBREVIATIONS 


The following abbreviations are used in this 
F documents. 
ACK : ACKNOWLEDGE 
CCM : Communication Control Module 
CRTC : CRT Display Controller 
FOC : Floppy Disk Controller 
dec : Decimal expression 
H : Hexadecimal expression 
KBC :3 Keyboard Controller 
REG. : REGISTER 
23 NOTICES 
= Notel: In this document, the followings are assumed. 


(1) "O" means electrically low level of 
Signal lines. 

(2) "1" means electrically high level of 
signal lines. (.2372 0 flee Reoae 

(3) XXX means that signal XXX is true aa 


| it is in electrically low TeveT. ee 
(4) XXX means that signal XXX is true whem [60 
: ; it is in electrically high TeveT. ee cee 
(5) XXX;100 means that signal XXX fs true | 
aa when it fis in electrically high level. 
_ (6) XXX;000 means that signal XXX is true 
on : when it is in electrically low level. 
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1. GENERAL INFORMATION 


This part describes the hardware specification of 


1.1 Scope 
= the T200/T250 CPU board (T2CPU). 
; 1.2 Features 


The CPU board is composed of the followings: 


microprocessor 


a Re R, SE ed 
@ ete aetCbheta | e 
oat eaGad ee #8025; 


memory address space 


keyboard interface 


printer interface 


floppy disk interface 


CRT interface 


CCM interface 


29. 


8085A 
64 KBytes 


BP100 (Toshiba business 


personal computer) 
compatible 


parallel interface 


FOC (Floppy Disk 
Controller) on the 
daughter board can 
control up to two 
5.25-inch or 8-inch 
floppy disk drives, 
respectively. 

An analog type of VFO 
circuit is used. 


reverse function that 
can be realized by 
hardware. 

EWP (Toshiba English 
Word Processor) 
compatible. 


CCM is mounted on the 


CCM board that is -#* 


compatible with the :: 


ek 


four @ 


above EW-100. Moree. 


RS-232-C interface. ey 


AROWARE CONFIGURATION 


CPU 
8085A 


MEMORY 
ROM 4 KBytes 
| RAM 64 KBytes 


8257-5 . 
_| KBC KEYBOARD 
8279-5 


| CRTC CRT DISPLAY 
Cc 465055 


K 
PRTC SERIAL 
PRINTER 


FOC | FDD 


uPD765 


SYSTEM BUS 


a3 
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3. 


CPU AND MEMORY 


The Toshiba TMP8085A, 8-bit microprocessor (intel 
8085A compatible), is used as a CPU. The clock cycle 
of the CPU is 375 ns (about 2,66 MHz). 

2 


The memory capacity is 64 KBytes in which 4 
KBytes are ROM area and others are RAM area. The 


- program, however, can select either ROM area or RAM 


area for the first 4 KBytes of the memory address 
space (OQOQOOH-OFFFH). The last 2 KBytes of the memory 
address space can be used as either the refresh memory 
(video RAM) of 2 KBytes for a CRT display or the 
character generator (Video Pattern Generator ... VPG) 
of 2 KBytes by using memory bank selection. 


The 4Kx8 bit E-PROM (intel 2732 compatible) and 
16Kx1 bit D-RAM (Toshiba TMM4160 compatible) can be 
used as ROM and RAM, respectively. The 2Kx8 bit S-RAM 
(Toshiba TMM2016P compatible) can be also used as 
video RAM and VPG. 


The refresh cycle of D-RAM is 2.0 ms/128 cycles, 
which is executed during T3 and T4 of the instruction 
fetch cycle. 

The access to S-RAM needs 2 wait cycles to avoid 
the conflicts with CRT refresh. 


Memory configuration is shown in Fig. 3.1. 
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Fig. 3.1. Memory Configuration 


4 KBytes 


accessible by 
bank selection 


accessible by 
bank selecxtion 


2 KBytes 


F800H 
FFFFH 
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Interrupts 


The followings are used as interrupts. 


IRO ---- highest priority 
TRAP : 

RST7.5 

RST6.5 

RST5.5 ---- lowest priority 


The priority of these interrupts is ordered as 


Shown above. 


Ls 


IRO Jump to the memory location OOOOH. 
This interrupt is generated by the 
reset signal from either power up or 
the console. 


TRAP Jump to the memory location 0024H. 
This interrupt is generated by the 
interrupt signal from the console. 


RST7.5 Jump to the memory location OO3CH. 
This is the timer interrupt which is 
generated by 20 Hz clock divided the 
horizontal sync. signal for the CRT 
display by three. 


RST6.5 Jump to the memory location 0034H. 
This is generated by any interrupt 
request signal other than that from the 
FOC. The interrupt request is tested 
by reading the I/0 port (DOH). 


Roi 545 Jump to the memory location OO02CH. 
This is the interrupt from the FOC. It 
is generated by the termination of 
command execution and the status change 
of disk drives. 
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4. 1/0 ADDRESS 


I/O ADDRESS NAMES I/O PORT 


. pan DMAC D M A CONTROLLER 


[a [ee 
ee ee 
ee 
ee 


| X means O through F. 


Be 


4.1 OMAC (8XH 8257-5 


REGISTER SELECTION 


: 

es ae Ce 
ee 
ee ee 
ee ee 


oa pow MODE SET COMMAND 
7 pk 


STATUS REG. 


CHO ts Usted fonMemory block transfer (Memory Read) * 
CH1 Memory block. transfer (Memory Write) — 
CH2 FDD data transfer | agit 
CH3 Reserved 


‘ wore : 
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4.1.1 OMA Address Register 80H, 82H; 84H) 


This register specifies the memory address from 
which the data transfer starts. The memory address of 


16 bit is loaded to the register separately, that is, 
upper half address and lower half address. 
~ MSB : LSB 

NOTE : F/L means First/Last flip flop. 
F/L=0 can be performed by the mode. set 
command. After then, F/L=0 and 1 can be 
selected alternatively every register 
selection. 

4.1.2 Terminal count register (81H, 83H, 85H) 


This register specifies the 
transfer data and the transfer mode. 


‘byte counts’ of 
The data of 16 


bit is loaded to the register separately, that is, 
upper half byte data and lower half byte data. 
MSB LSB 
: : ; : 
Jeans Sa 
a RE 


-10- 


If the TC STOP bit is set to "1", a channel is 
disabled after the Terminal Count (TC) output goes true 


("0"), thus automatically preventing further DMA 
Operation on that channel. Namely, DMA operation 


errs 
rd « 
e 
.* @ 
- 
° . 
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neglects the unexpected DMA request from peripheral 
devices. 


In the ROTATING PRIORITY mode, the priority of the 
channels has a circular sequence. After each DMA 
cycle, the priority of each channel changes. The 
channel which had just been serviced will have the 
lowest priority. In the memory block transfer, the 
ROTATING PRIORITY must be set to "1". 


ENABLE CHO to CH3 enables DMA transfer for each 
channel. 


Mode set command are shown as follows: 


Memory Block Transfer 73H 


FDD Data Transfer 64H 


Memory from/to FDD Transfer 77H 


Bs 
& a, tas e | Got 
f ae ee ee PRET an 
tw, Pt re Eerie: geste ss : 
. “s va 7D oa ¥s° : ‘ ° 
. a wee ahs ; 
‘e x = ae i - 
Paget; 
Lege Sprint 


ee 


Rd Wr 
EE 0 0 Verify mode 
ice 0 1 Memory Write mode 
- . 1 0 Memory Read mode 
1 1 Illegal 


CO through C13 specifies (the transfer byte counts -1). 


4.1.3 Mode Set Command (88H 


MSB LSB 
tet sfefefepefe 
ro Bit 7 : AUTO LOAD (must be set to "0") 
= 6 : TC STOP 
a7 aa 5 : EXTENDED WRITE (must be set to "1") 
Bett Ms, 4 ; ROTATING PRIORITY 
3252 3 : ENABLE CH3 
eo 2 : ENABLE CH2 
1 : ENABLE CH1 
QO : ENABLE CHO 
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4.1.2 Status Register (86H) 


The status register indicates whether the data 


transfer has terminated or not. 


MSB LSB 
ro Tole], [es [ene [om [oxo 
i a 


TC STATUS 


If a TC STATUS bit has been set to "1", it 
indicates that the data transfer for that channel has 
already terminated. 
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~2 KBC_ (9XH) 8279-5 


« Register selection 


ME a 

pn | sey input aac 

a 
91H 

pe | statue 


.2.1 Control Command (91H) 
(1) MODE SET 


LSB 


MSB | 
Lop e fp of eo} of} of tt ol 
Cc This inaieates the coded N-key rollover mode. 
(2) INTERNAL CLOCK SET 
MSB LSB 


pofto} rat r2trftr2}2f of} 


This indicates that the internal clock (100KHz) is 


generated by dividing -the external clock input . 
(2.66MHz) of the 8279-5 (Keyboard Controller). : 


2.67 
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(3) CLEAR COMMAND 


MSB 


bilson, == 


This indicates to clear the key-input data which 
remains in the FIFO" of the 8279-5. 


Then, the keyboard 
: interrupt is also reset. 


* FIFO : First-In, Pirst-Out register. 
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4.2.2 STATUS (918) 


MSB 


LSB 


es © = "1" (ERROR OVER RUN) 
This occurrs by the next key-input when 
the FIFO is full. a 


U = "1" (ERROR UNDER RUN) 
This occurs when the CPU reads the empty 


FIFO. 
Fo "1" 
This means the full FIFO. 
NNN This means the number of characters in 


the FIFO. 


The FIFO consists of 8-byte register. 
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4.2.3 Key Input Data (90H) 


9 MSB LSB 
ee ) RUB SHIFT SCAN RETURN 
pee | When reading this key input data, the keyboard 
: switch status register (D1H) must be simultaneously 


read to check if the CTRL key or REPT key has been 
depressed or not. 


This reading operation must be performed only when 
the interrupt from the keyboard is generated. In other 
cases, all the data will be "0" and the status becomes 
ERROR UNDER RUN. 


Since the number of return lines is eleven, the 
return code (RETURN 000, 001, 010) for RLO, RL1, and 
RL2 may be the same as that for RL8, RLY, and RL1O. To 
discriminate them, if the RL8 of the key input data 
(MSB) is "0", it means the return code for RLO, RLI, 


Sa and RL2. Otherwise, it means that for RL8, RL9, and 


sees RL10. 


SHIFT : This bit is "1" when the SHIFT key has been 
— depressed. 


RL8 : This bit is "1" when the keys, which are 
located within the block controlled by the 


me NY 


line RL8, have been depressed. ee ag te a 


Sha. 
Bs 


dt i ae ee 
o @8 2 hat ts Re 
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4.3 CCM (AXH ) 


Register selection 


[iyo aspress | Rw | ReGisTeR 
a 
iS 
[sat [8/w_| 0253-5 COUNTER #2 
[ew | 6253-5 CONTROL 
[882s 
[nen | 8/w_[ cow MODE REG. 

[ara | er stars Res. 


For the usage of each register, refer to the Part II in 
this document. 
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4.4 I/O W (CXH ) 


Register selection 


| Ww DATA REGISTER 
C2H | OW COMMAND REGISTER 
Low PRINTER ACK INTERRUPT RESET 
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4.4.1 Mode Register (COB) 


= MSB | en 


DENB(bitS) | DISPLAY ENABLE 
Setting this bit to "1" enables the 
display. The blink operation for 
the display message is performed by 
setting this bit to "1" or "0" 
alternatively. . 


BUZ (bit4) BUZZER ON 
If this bit is set to "1", the 
buzzer on the keyboard sounds at 
about 2KHz. 


‘RAM (bit3) RAM SELECT 
If this bit is set to %"1",the RAM 
area is selected for the memory 
address 0000H through OFFFH. This 
Pe bit is set to "0" at turning on the 


power switch. 


VPG (bit2) VPG SELECT 
If this bit is set to "1", the VPG 
area is selected for the memory 
address F800H through FFFFH. This 
bit is set to "0" at turning on the | 


e +e : cay ™ b. BREN : a os 
‘ ie Se oe eo apap ers. tl .) 6 
power swl tch. Res ir kee Te 
. : vy a i im rf . % new, al * 
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ee oar an ene 
rid Fa fk. aa} 
ena oe a ae ’ 
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4.4.2 Data Register (C1H) 


MSB LSB 
ee ee ee 


ty The print-out data to the printer is set in this 
register. 


4.4.3 Command Reqister (C2H) 


MSB | LSB 
PRT |PRT 


STB |RESET 


STEP INT. ON (bit3) The interrupt request of 
RST6.5 can be generated by 
setting this bit to "1"... 


(bit2) Reserved 


ee PRISTB (bitl) This bit is set to "1" to 

_ generate the STROBE PULSE to 
the printer. Thus, this bit 
must have been set more than 1 
microsecond. 


PRTRESET = (bit0) This bit is set to "1" to 
generate the internal reset 
signal to the printer. te 
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4.4.4 PRINTER ACK INTERRUPT RESET (C3H) 


PRT ACK (Printer acknowledge signal) is set at the 


re falling edge of the ACK signal from the printer and 
232 generates’ the 


« 
on ee 


interrupt. This port resets’ the 
interrupt request of the PRT ACK signal. 
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4.5 1/0 R_ (DXH) 


Register selection 


BE I/O ADDRESS | R/W| _ REGISTER 


[bon | R | INTERRUPT REGISTER 
[bin | _R | KB SWITCH STATUS REGISTER 
[pt | R | SWITCH REGISTER 
[___p3a___| R [1/0 sTAqUs RecrsTen 
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4.5.1 INTERRUPT REGISTER 


KBI (bit7) 
TxRDY (bit6) 
RxRDY (bitS) 


PRT ACK (bit4) 


STEPCONT (bit0O) 


a: 


thes 
. 


z 
wd 
e 
e 
« 
w*, 
oo“ 
- 
» * 
«a 
e 
* 
“a 
a 
* 
4 
. 


tie 
aa 


ta 
$ 


MSB LSB 
KBI | Tx RX PRT 1 1 1 | STEP 
RDY | RDY| ACK CONT 


(DOH) 


KEYBOARD INTERRUPT 

This bit is set to "0" when the 
data is stored in the FIFO of KBC 
and reset by reading the data. 


INTERRUPT from the CCM 


This bit is set to "0" when the 
USART (8251A) requests the data 
transfer. 


PRINTER ACK 

This bit is set to "0" by the 
falling edge of PRTACK and reset by 
writing the I/O port (C3H). Since 
the status of this bit is uncertain 
at turning on the power switch, 
this bit should be reset before the 
first EI (Enable Interrupt) 
instruction is executed. 


STEP CONTROL 

This interrupt request can be 
generated when setting the bit 3 of 
the port (C2H) by the software. At 
turning on the power switch, This 
bit is always "0". 


yy 


4.5.2 KB SWITCH STATUS (D1H) 


MSB LSB 

KRP (bit7) KB PEPEAT REQUEST 
This flag bit can be set to "0" 
when the both REPEAT KEY and DATA 
KEY have been being depressed 
together. This can be reset by a 
status read operation. 


CTRL (bit5) 
This flag bit is set to "0" when 
the CTRL KEY has been depressed. 


KBO - KB3 (bitO —- 3) 
KB status (Reserved for the future 
use) 
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4.5.3 SWITCH REGISTER (D2H ) 


LSB 


Write the data "00000001" (01H) to the DATA 
REGISTER (C1H), then read the SWITCH REGISTER 
(D2H). 

Write the data "00000010" (02H) to the DATA 
REGISTER (C1H), then read the SWITCH REGISTER 
(D2H). 


indicates 
ON ("1"). 


—\— 


Firmware | l: with printer 
loading O: without 
selection printer 


ae | 


1 TRACK. Printer's columns. ... 
: 3 TRACK 1 : 136 columns 
0: 80 columns 
: 0 SIDE 
¢: 1 SIDE CCM 1 : with CCM board 
0 : without CCM board 

: 1 SECTOR 
: 9 SECTOR KEYBOARD selection 

l : TOUCH-IN 

0 : FULL KEY 
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5.4 1/0 STATUS REGISTER (D3H) 


MSB 


: LSB 
Cc - PRI | PRI | PRI | PRT |PRT 
os cr | Cis SLCT| BSY | LD | PE |FAULT 


CI 


CTS 


PRT 
PE 


PRT 
FAULT 


(bit7) 


(bit6) 
(bit5) 
(bit4) 


(bit3) 


(bit2) 


(bitl) 


(bit0d) 


CI signal of CCM status 


CTS signal of CCM status 
Reserved 


SELECT signal of the printer 
(selected state) 


BUSY signal of the printer 
(busy state) 


LD signal of the printer 
(printer clock stop) 
NOT USE 


PAPER ALART signal of the printer 
(almost paper empty of the printer) 


FAULT signal of the printer 

(error status) 

If both bit2 and bit4 is "1", this 
bit becomes "Q”. 
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4.6 CRITIC (EXH ) 46505S 


Register selection 


ee ee ne I Ae 


Pes msi STER 


| ae =a 
| on | wor ome 
| =: CONTRCL. S=GISTER (RO - R17) 
E1H 
Ee | CONTRCL. =2ScISTER (R14 - 17)|. 


RO - R17 means the regist==> xs=omber in the CRITIC. 
For the details on the C?2z, refer to the APPENDIX. A 
"CRT DISPLAY CONTROLLER” .. 
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ADDRESS REGISTER 


MSB 


LSB 
ee 


In the above register (bit 0 - 4) should be set 
the address (0 - I17dec) of the internal control 
registers. If the address (18 - 3ldec) is set, it is 
neglected. The address of the prespecified control 
register should be written in the above register before 
writing/reading the data to/from that register (RO - 
R17). 


4.6.2 CONTROL REGISTER 


The control register is used to specify the 
parameters that controls the CRT display timing and so 
on as shown in Table 4.1. In that register, RO through 
R13 should be set before starting display. RI4& and RI5 
are used to specify the cursor display position, so the 
initial setting for them are not necessarily required. 
If both R14 and R15 are set to OOH, the cursor is 
displayed at the upper-left corner on the screen. 
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Table 4.1 CRTC Control Register. 


REGISTER A eee 
on Total Number of 
a Number of Horizontal ne 
s ° b.lmeksenene 
= Position 
ES 
Pulse Width 
: = | Vertical Characters 
ae 
Adjust 
R6 Number of Vertical ae 1 
| 
R7 Vertical Sync. | 
| betel SE 
ot. and Skew set 
me Yrsoe 
a a 
= i 
asco 
; = See 
00008 . 


a Cursor(H) 


| ris | cursor(t) 


|Light Pen(H) = Pen(H) NOT USE 
+ ee Light Pen(L) NOT USE 


any value 
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_. 467 FDC (FXH) 


Register selection 


I/O ADDRESS REGISTER 
mz FDC STATUS REGISTER READ 
. FDD CONTROL COMMAND 


FDC DATA REGISTER READ 


F1H 
— FDC DATA REGISTER WRITE 


For the details on the FDC, refer to the APPENDIX. B 
"FLOPPY DISK CONTROLLER". 


4.7.1 FDD CONTROL COMMAND (FOH ) 


(1) In case of 5.25-inch floppy disk aor 


[ees [now [een] eco TTT 


FDC RESET at "1" 
MON : FDD MOTOR ON at "1" 
PCl : W.DATA 500ns precompensation at "1" 


PCO : W.DATA 250ns Precompensation at "1" f ~o 
(2) In case of 8-inch floppy disk drive, . ae 
MSB ke 
ort Tel) 
FDC RESET at "1" i met ae 
SFL : SWITCH FILTER ON at "1" aes aes as - 
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5. HARDWARE FUNCTION 


5.1 Display Character Font 


wow DON A UWF WN FF OC 


The area of columns 
0 and 9 are blank. 


Character matrix 10x10 dots 


Display area 8x10 dots 


Since the character generator (VPG) is composed of 
S-RAM, any character can be displayed within the 
display area (8x10 dots). 

The number of display character fonts : 128 fonts 


=. i 


4 \ 

Cc The reverse function is effective from the 
first data 1FH to the next Il1FH or to the last 
column of the last row. 


Reverse code(1FH) cannot be displayed. 


All characters and cursor can be displayed 
reversed within the reverse area. 


Reverse code 


a F 


Reverse area 
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6. GENERAL INFORMATION 


6.1 Scope 


This part describes the hardware specifications of 
the T200, T250 and EW-100 CCM boards, which conform to 
the EIA RS-232-C standard. 

6.2 Features 
The CCM board consists of the following components: 


* Intel. 8251A compatible USART (Universal 
Synchronous/Asynchronous Receiver/Transmitter) 


* Intel 8253 compatible Timer 


* Additional electronic circuits 


(1) Modem interface: RS-232-C 
(2) Communication mode: ASYNC (including direct 
connection) 


SYNC(modem clock) 

SYNC(internal clock) 

SYNC(direct connection) 
(3) Data transmission rate: 


ASYNC: 110, 150, 300, 600, 1200, 2400, or 
4800bps 


SYNC(Modem clock, direct connection): 
1200, 2400, 4800, or 9600bps 


SYNC(Internal clock): 1200bps 
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(4) Half-duplex transmission: 


In case of ASYNC, ASCII code system(7-bit data + 
l-bit parity) is used. 


(S) Physical specifications: 
* PpCB(Printed Circuit Board) 5.45 x 6.75 inches 
* Connector CPU side: 
40 PIN Header(EW-100) 


50 PIN Header (T200/T250) 


Modem side: 26 PIN Header 


* Power supply: DC +12V O.1A max 
-12V O0O.1A max 
+ 5V 0.5A max 
( * CCM cable: 3m cable for the standard 


(15m cable for direct connection) 


(6) This board can be used to connect I/O devices such 
as Modem, OCR-Vl100, and serial printer(serial 
interface) which have the RS-232-C interface. 
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6.3 Block Diagram 


_ osc 
So 8253 
-T2CPU DRV 
8251k RS-232-C 
EWPCP 3 R I.F. 
6.4 Physical Requirements 
rig Nese 34P778221G01 for T200/T250 
an 34P778221G02 for EW-100 
\ «; Space about 10mm(x4) 
* Right-angle 
for EW-100 7 
32 ICs mounted | spats : a 
: *26PIN (4 x 8) _ Straight #=j... . 
Max for T200/250 gst. 
aS FPR gh 
ae ae eae sivemat® 
aoe 


right-angle straight 


e- FReTA Los EF 
ae@rceatbherer 
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7. SOFTWARE INTERFACE SPECIFICATION 


.7.1 I/0 Port Address 


EW-100 T200/T250 R/W Function 


Note ls: 
Note 2: 


a 


AOH 


$ 
= 


8253-5 COUNTER #0 


R 8253-5 COUNTER #1 


a 


8253-5 COUNTER #2 


2BH A3H 8253-5 CONTROL 


2CH R/W 8251A DATA 
2 DH ASH R/W 8251A CONTROL/STATUS 
2EH 


CCM MODE REG. of 
= —— ore 


A7H 


CI/cTs 


a 
els 


I/O ports(A8 - BFH) of T200/T250 must not be used. 
TxRDY(Transmitter ready) and RxRDY(Receiver ready) 
Signals generated by 8251A USART cause _ I/O 
interrupt RST6.5 for the CPU. 


-38- 


_ : 
ay, 
a tN 
: . 
cs eS + ee ‘ae * 
. a = = 


-5 (Timer) 


e 
AOurer #2 only is used in ASYNC mode. 


CONTROL Mode 3 and binary count’ should be 
specified(Square wave rate generator). 
DATA scoala pebacuciats 
Baud rate Decimal value 
bps to be set 


murnsarenemmner tire narenapet sent eee ONIN SMART ATA KER 
yi eons een ie re rier Senn NNT Tn uy RS 


110 | 1135 
150 832 
300 416 
600 208 
1200 104 
2400 52 
4800 26 


te PMCs aR aE ELD A nettle es Medi last cha MEMOS 


erent tne etna A00NG 


In ASYNC mode, the clock input of 8253-5 is 
the same one as that in SYNC mode. 
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(2) 


(3) 


SYNC | 
Programs are not required in SYNC(modem 
clock) mode. 


In SYNC(internal clock; direct connection) mode, 
the internal registers of 8253-5 should be set as 
follows. 


CONTROL 
COUNTER #0 Mode 1 should be specified 
(programmable one-shot) 
COUNTER #1 ditto 
COUNTER #2 Mode 2 should be specified 


(Square wave rate generator). 


In either case, the binary count should _ be 
specified. 
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DATA 


Baud Decimal value to be set 
- rate (bps) | COUNTER #0 COUNTER #1 COUNTER #2 
= 624 728 104 
: 312 364 52 
156 182 26 
78 91 13 


Note l: In SYNC mode, the clock input to 8253-5 is 
1.9968 MHz(divided the output of oscillator 
15.9744 MHz by eight). 

Note 2: COUNTER #0: N x 3/8, 
COUNTER #1: N x 7/16, 
COUNTER #2: N x 16, 
where N means transmission rate. 
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7.3 8251A__(USART) 


(1) MODE Instruction 


AS YNC 


7 6 p) 4 3 2 1 0 


Baud 


Ol: 
10: 
ll: 


rate 
x1 
x16 
x64 


Character length 


00: 5 
Ol: 6 
10: 7 
Ll: 8 


Parity 


0: disable 


l: enable 


Parity check 
QO: odd 


ls: even 


Number of stop bits 


Ol: 
10: 
| 


1 bit 
1-1/2 bits 
2 bits 
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bits 
bits 
bits 
bits 


SYNC 


7 6 5 4 3 2 ] 0 


Hee 
—T_ 


Character length 
00: 5 bits 
Ol: 6 bits 
10: 7 bits 
li: 8 bits 
Parity 
O: disable 
l: enable 
Parity check 


0: odd 
| ls even 
SYNC detect 
(- 0: internal 


ls: external 
SYNC character 
0: double 
l: single 


a 


| 


senate Poets Oblate Aba ect cs RAE 


cence mrasan eraser tte mimpemamet bate: 


(2) COVMAND Instruction 


De [aoe eon 


ae EH Enter Hunt mode 
— 1 : Serching for SYNC character 


IR Internal Reset 
1 s initial setting 


RTS Request To Send 
1 : RTS = 0 


ER Error Reset 
1 : reset the error flag(PE, OE, FE) 


SBRK Send Break 
1 : TxD = LOW 


RxE Receive Enable 
1 : enable 
0 : disable 


DTR Data Terminal Ready 
l : DIR = QO 


TxEN Transmit Enable 
I : enable 
0: disable 
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(3) STATUS 


SYNDET 
FE 
OE 
PE 


TxE 


: / ee 
a x 
io aed 
Be . = * Hc 
tw as 
e+ 
od . - 


Ga 
A ae 


TxRDY 


i a eed 
F 
ew 
ES, 2 


a ee ee oe 
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* 

4 


% 


Data Set Ready 


SYNC Character Detect 
Framing Error(ASYNC only) 
Overrun Error 

Parity Error 

Transmitter Empty 
Receiver Ready 


Transmitter Ready 
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7.4 CCM MODE REG. 
7 6 5 4 
RATE | RxD 

CHG INH 


00: ASYNC 
In ASYNC and half-duplex, 
when sending, RxDINH should be set to 
"1" and then TxDWA should be set to "1". 
when receiving, TxDWA should be set to 
"0" and then RxDINH should be set to 
wT ss 


| Meaningless data 
at read operation 


Ol: SYNC(modem clock) 


10: SYNC(internal clock) 


ll: SYNC(direct connection) 


RATE CHG: Change the modem speed. 
0: NORMAL 
ls HALF 


2 PRPS TINA MNRAS IM NAITO 


RxDINH: inhibit RxD input. 


war MH Yay ® 


J Sine 
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TxDWA: send back internally the transmission data. ae 
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7.5 CI/CTS 
7 6 5 4 3 2 Z| 0 


Cc CI CTS | Tx 
ewe DWA 
Cr: Call Indicator 
CD: Carrier Detect 
; CTS: Clear to Send 


TxDWA: TxDWA bit of CCM MODE REG. 
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N/C 

GND 

+12V 

+12V 

+3V 

+5V 

GND 
CCMD7;100 
CCMD6;100 
CCMD5;100 
CCMD4;100 
CCMD 3; 100 
CCMD 2;100 
CCMD1;100 
CCMD0O;100 
GND 

GND 
CCMA02;100 
CCMAO 1;100 
CCMA00; 100 


CPU SIDE INTERFACE CONNECTOR 
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HARDWARE INTERFACE SPECIFICATION 


(PJl: EW-100, P32: T200) 


SIGNAL NAME Ba SIGNAL 


CCMSEL ;000 
CCMRD;000 
CCMWR 3 000 
GND 

GND 

(NOT USED) 
CCVR ST 3000 
CCMOP!I ; 000 
CTXRDY ;000 
CRXRDY ; 000 
CCLK ;000 
(NOT USED) 
GND 

+5V 

+5V 

GND 

-12V 

-12V 

GND 

GND 
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CCCMSL ;000 
COVMCI;100 

CA02;100 
CCMCTS; 100 
CA01;100 
GND 
CA00;100 
GND 
CIOR;000 
GND 
CRST;000 
GND 
C1IOW;000 
GND 
CCLK ;000 
GND 
CRXRDY ;000 
GND 
CTXRDY ;000 
+5V 
+5V 
-12V 
-12V 
GND 
GND 


GND 

+12V 
+12V 

+5V 

+5V 

GND 
CADO; 100 
GND 
CADI; 100 
GND 
CAD2; 100 
GND 
CAD3;100 
GND 
CAD4;100 
GND 
CAD5;100 
GND 
CAD6; 100 
GND 
CAD7;100 
GND 
CSYNSL;000 
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MODEM SIDE CONNECTOR (PJ3, CCM MARK needed) 


SIGNAL NAME MODEM D-SUB 


02 
#07 
03 
#07 
RTS;100 04 
GND #07 
CTS;100 05 
GND #07 
DTR; 100 20 
GND #07 
(NOT USED) — 
GND #07 
S$T2;100 15 
GND *07 
17 
#07 
03 


' 
@¢ 
. 


*0Q7 (* altogether to 7 PIN) 


ST13;100 24 
01 Frame GND 


- ates ae ’s ea 
~ * OOO 2° Fy 
aegatar@sa. 


13 | 
- 14 NOT USED 
7 16 
18 
19 
21 
25 
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CRT DISPLAY CONTROLLER 
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DESCRIPTION 


HD46505 (CRTC) is a LSI controller which is designed 
to provide an int#¥erface for microprocessor to raster 
scan type CRT displays. 

CRITIC is also designed as a programmable controller, so 
applicable to wide range CRIT display from small 
low-functioning character display up to raster type 
full graphic display as well as large high-functioning 
limited graphic display. 


SYSTEM CONFIGURATION 


CPU SYSTEM BUS (ADDRESS AND DATA BUS) 
BUS DRIVER 
CRTC MAO00-13 
osc 
REFRESH 
MEMORY 
(VRAM) 
oe COUNT | CLK 
Bs CHARACTER 
an GENERATOR 
(Cc e G ° ) 
VIDEO 4 GRE gas 
CONTROL TO DISPLAY 
. ce ER oe ue 
vi eg = oe . 
DISPLAY TIMING oy oo as 


CURSOR TIMING 
HORIZONTAL SYNC. 
VERTICAL SYNC. 


INTERNAL REGISTERS 


Address Reg. Data Bit 


| register |ww [Tess 3710 
eR ION, aM Ricca red cee 
AR | Ww 


*1 


*2 * 


-w_[------ #3 
*4 
ie 
*6 


Note: *1. When R8 is 1 or 3 (Interlace Mode), programmed 

data must be odd. 

*2. When R8 is 3, N/2 (N: total number of lines) 

*3. When S is 1, V specifies video mode. S specifies I 
interlace sync. mode. 3 

*4, When R8 is 3, programmed data must be odd. : 

*5. B specifies the cursor blink. P specifies the g 
cursor blink period. 


16 or 32 Field Period 


I Light I Dark I Light I Dark I 
*6. When R8 is 3, the cursor start and the cursor end 
raster registers must be both even or both odd. 
*7. Programmed Value = Specified Value - l 
In the following explanation, for instance, tatal 
number of horizontal characters means "Specified 
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INTERNAL REGISTERS 


RO: 


Address Register 


This is a 5-bit register used to select 18 internal 
(RO-R17). 
internal 


It is contents are the 
registers. 


control registers 
address of one of 18 
Programming the data from 18 to 31 produces no results. 
Access to RO-R17 requires, first of all, to write the 
address of corresponding control -register into this 
When RS and CS are at low level, this 
register is selected. 


control 


register. 


fos, 


Total Number of Horizontal Character Register Je] 
This is a register used to program total number of 
horizontal characters per line including the fly back 
The data is 8-bit and its value should be 
programmed according to the specification of CRTC. When 
total (M-1) shall be 


programmed to programming for 


period. 


characters, 
When 


number of 
this 
interlace mode, M must be even. 


M is 
register. 


Number of Horizontal Displayed Characters Register °° 
This is a register used to program the number of 


horizontal displayed characters per line. Data is 8=bit 


and any number that is smaller than that of total 
horizontal characters can be programmed. oe te ay Es 
re a 


INTERNAL REGISTERS 


R2: 


R3: 


R4: 


Horizontal Sync. Position Register es 

Spe 

This is a register used to program horizontal sync. 
position in unit of horizontal character time. Data 
8-bit and any number that is under the following 
condition (Horizontal Syne. Position + Horizontal Pulse 
Width < Total Number of Horizontal Characters) can be 
programmed. When H is character number of horizontal 
sync. position, (H-1) shall be programmed to this 
register. When programmed value of this register is 
increased, the display position on the CRT screen is 
shifted to the left. When programmed value is 
decreased, the position is shifted to right. Therefore, 
the optimum horizontal position can be determined by 


this value. 


Horizontal Sync. Pulse Width Register /¢. 

CL 

This is a register used to program horizontal sync. 
pulse width from 1 to 15 in unit of horizontal 
character time. Note that when 0 is programmed, HSYNC 
is not provided. 


Total Number of Vertical Characters Register %— 


j “| 
/ 


This is a register used to program total number of 


seed! 


lines per frame including vertical fly back period. The 
data is within 7-bit and its value should be programmed 
according to the specification of CRTC. When N is total ~ 
number of lines, (N-1) shall be programmed to this 
register. 
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INTERNAL REGISTERS 


R6 


R7 


a 


Total Raster Adjust Register /' 


yg ra 

: Peds 

fae Aa a 

ce ; 
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This is a register used to program the optimum number 

from 0 to 31 to adjust total number of raster per 
frame. This register enables to decide the number of 
vertical deflection frequency more strictly. 


Number of Vertical Displayed Characters Register ./ < 


oa 
: Chae 


O. Geows 


This is a register used to program the number of 


displayed character rows on the CRT screen. Data 7-bit 


and any number that is smaller than that of total 
vertical characters can be programmed. 


Vertical Sync. Position Register ~ 4 


“ 
Lian 
: s 


A 
f See” 


This is a register used to program the vertical sync. 
position on the screen in unit of horizontal character 
time. Data 7-bit and any number that is equal to or 
less than total number of vertical characters (V-1) 
shall be programmed to this register. When programmed 
value of this register is increased, the position is 
shifted down. Therefore, the optimum vertical position 


may be determined by this value. : ae 
stot 
ee fae ve 
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INTERNAL REGISTERS 


R8: 


RQ: 


(8 
{ 


Interlace Mode Register 


~ we ty 
ae ies 
NN «.. 


This is a 2-bit register used to control the raster 
scan mode. 


|-0 0 _|__Non-Interlace 


Non-Interlace 


Interlace Sync. Mode 


Interlace Sync. and Video Mode 


In non-interlace mode, the rasters of even number 
field and odd field are scanned in the middle of even 
number field. Then it is controlled to display the same 
character pattern in two fields. In interlace sync. 
video mode, the raster scan method is the same as that 
in interlace sync. mode, but it is controlled to 
display different character pattern in two fields. 


-Maximum Raster Address Register a 


a 
4 wa 


This is a register used to program maximum raster 
address within 5S-bit. This register defines total 
number of rasters per character including spacing. When 


total number of rasters is’ RN, (RN-1L) shall be. 


programmed to this register. Moreover, when programmed 
value of R8 is 3, RN must be even. | 


 # bs r 
re roe 
~& 


INTERNAL REGISTERS 


e% 
Cy 


R10: Cursor Start Raster Register 


ae 


Lh a 


ie | 


This is a register used to program the cursor start 


raster address by lower 5 bits (2° -24, and the cursor 


° Gisplay mode by higher 2 bits ta Pes 


2° 2° | cursor Display Mode | 
| oo | Non-Blink 
Cursor Non-Displa 


Blink Period 


| Light ! Dark 
4.16 or 32 Field Perioa---/ 


‘ a 
he oan ‘6 


one Rll: Cursor End Raster Register Cj 
= = ys Ce ! 
he ae ae 

2m 


This is a register used to program the cursor end 
raster address. When programmed value of R8 is 3 
(Interlace sync. and video mode), both the cursor start 
raster register and the cursor end raster register must 
be even or odd. | _ E at 
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INTERNAL REGISTERS 


w R12: 


R13: 


R14: 
R15: 


R16: 
R17: 


Start Address Register (H) 
Start Address Register (L) 
Ry ene 
These are used to program initial address of refresh 
memory to read out. Changing the contents of these 
registers dynamically enables paging and scrolling 


easily. 


ree 


Nae. 


Cursor Register (H) a 
Cursor Register (L) 


ape si ee, 
aoe : 


J 


These are used to program the cursor display address 
and R/W operation from the CPU is possible. When R14 is 
read, the higher 2 bits (2° an are always "0". 

a 


Light Pen Register 
Light Pen Register 


T200/T250 system are not used. 
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OPERATION OF CRTC 


Time Chart of CRT Interface Signals ; 


The following example shows the display operation in 
which values of Table. X-l are programmed to CRTC 
internal registers. Fig. X-l shows the CRT screen 
format. Fig. X-4 shows the time chart of signals put 
out from CRITIC. 


The relation between values of Refresh Memory Address 
(MAO-MA13) and Raster Address (RAQ-RA4) and the display 
position on the screen is shown in Fig. X-10. 

Pig. X-10 shows the case where the value of Start 


Address is 0. 


Table. X-1 Programmed Values into CRITIC Registers poo 


| | 
| Reg. Number | Value || Reg. Number | Value | 


Note: Nhd<Nht , Nvd<Nvt ape ee if ae” 
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Fig. X-1 CRT Screen Format 


-—--Total Number of Horizontal Characters (Nht+l1)---- 
---Number of Horizontal Displayed Characters- > 
(Nha) 
Horizontal | 
Fly Back 
Period eee 
ro ation 
—Total Raster Adjust (Nadj) 
—Number of Vertical Displayed Characters (Nvd) 2 ee 
—Maximum Raster Address (Nr + 1) i i 
ee eee ae 
7 | pheces a} : sac. ee | ‘ 
—Total Number of Vertical Characters (Nvt + 1) ee 


ee 


Interlace Control 


Fig. X-2 shows an example where the same character is 
displayed in non-interlace mode, interlace sync. mode, 
and interlace sync. & video mode. 


In interlace sync. mode, the raster address of even 
number field and odd number field are the same and 
display the same character pattern. In interlace sync. 
and video mode, the character pattern of even number 
raster address is displayed in even number field. The 
character pattern of odd number raster address is 
displayed in odd number field. Therefore, compared with 
the characters in non-interlace mode and interlace 
syne. mode, the size is one-half of them vertically. 
Fig. X-7 shows the output wave form of vertical sync. 
in interlacing. 


Pig. X-2 Interlace Control 


Raster Address Even Odd Even Odd 
Field Field Field Field 


! il 


: = 5 -e----- fe 
6 ~2- sas —2-- 
: > ----- ee 
----- -- 7 
Non-interlace Interlace Sync. Interlace Sync. 
Mode Mode & Video Mode 
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sor Control 


Fig. X-3 shows the display patterns where each value 
is programmed to the cursor start raster register and 
the cursor end raster register. Programmed values to 
the cursor start raster register and the cursor end : 
raster register need to be under the _ following 


condition. ; 


Cursor Start Raster Register — Cursor End Raster 
Register _ Maximum Raster Address Register 


Time chart of CUDISP (Cursor Display) output signal is 
shown in Fig. X-8 and Fig. X~-9. 


Fig. X-3 Cursor Control 
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SINGLE/DOUBLE DENSITY 


FLOPPY DISK CONTROLLER 
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DESCRIPTION 


Pate 
s 
/ 

Rip ne 


is The »PD765 is an LSI Floppy Disk Controller (FDC) Chip, 


which contains the circuitry and control functions for 
interfacing a processor to 4 Floppy Disk Drives. It is 

capable of suppoting either IBM3740 single density 

format (FM), or IBM System 34 Double Density format 

(MFM) including double sided recording. The FpDC 
provides control signals which simplify the design of 

an external phase locked loop, and write 
precompensation circuitry. The FDC simplifies and : 
handles most of the burdens associated with 
implementing a Floppy Disk Interface. 


Hand-shaking signals are provided in the FDC which make 

DMA operation easy to incorporate with the aid of an 

external DMA Controller chip, such as the D8257. The 

FDC will operation in either DMA or Non~DMA mode. In 

( the Non-DMA mode, the FDC generates interrupts to the 

- processor every time a data byte is available. In the 

DMA mode, the processor need only load the command into 

the FDC and all data transfers occur under control of 
the FDC and DMA controller. 


There are 15 separate commands which the FDC will 
execute. Each of these commands require multiple 8-bit 
bytes to fully specify the operation which the 
processor wishes the FDC to perform. 
The following commands are available: 


feee bere Scan High Equal Write Deleted Data 
Read ID Scan Low Equal Seek ee 


Read Deleted Data Specify eS 
Read a Track Recalibrate Write Data . 
Scan Equal Format a Track 

sense Interrupt Status Sense Dive Status 


FEATURES 


é Address mark detection circuitry is internal to the FDC 
which simplifies the phase locked loop and read 
electronics. The FDC offers many additional features 
such as multiple sector transfers in both read and 
write with a single command, and full IBM compatibility 
in both signal and double density modes. 


* IBM compatible in both Single and Double Density 
Recording Formats 
* Programmable Data Record Lengths: 128, 256, 512, 
or 1024 bytes/Sector 
Multi-Sector and Multi-Track Transfer Capability 
- Drive Up to 4 Floppy Disks 
Data Scan Capability - Will Scan a Single or an 
Entire Cylinder's Worth of Data Fields, Comparing 
_ on a Byte by Byte Basis, Data in the processor's 
6 Memory with Data Read from the Floppy Disk 
* Data Transfers in DMA or Non-DMA Mode 
* Parallel Seek Operations on up to Four Drives 
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Compatible with Most Microprocessors including 
8080A, 8085A 
* Single Phase 8 MHz clock 


7. @? se 
erate 


SYSTEM CONFIGURATION 
MEMORIES 
™200 SYSTEM BUS 
DB7-DBO AO 
DB7-DBO 
MEMR __ 
—— RD 
IOR _ 
_ WR 
{ MEMW _ 
= CS 
IOW INT 
__ RESET 
cs 
HRQ 
HLDA 


READ DATA 
WINDOW 


CONTROLLER 


WRITE DATA we 


INPUT DATA 


OUTPUT DATA 


INTERNAL REGISTERS 


The FDC (mPD765) contains two registers which may be 
accessed by the CPU; a Status Register and a Data 
Register. The 8-bit Main Status Register contains the 


status information of the FDC, and may be accessed at. 


any time. The 8-bit Data Register (actually consists of 
several registers in a stack with only one register 
presented to the data bus at a time), which stores 
data, commands, parameters,and FDD status information. 
Data bytes are read out of, or written into, the Data 
Register in order to program or obtain the results 
after a particular command. The Status Register may 
only be read and is used to facilitate the transfer of 
data between the CPU and FDC. 


The bits in the Main Status Register are defined as follows: 


ROM: 


DIO: 


NDM: 


D7 D 


0 
[Rom | pro | wom | cp | 4p | p38 | p2s | LB | 


Request for Master 
Indicates Data Register is ready to send or receive 
data to or from the CPU. Both bits DIO and RQM should 


be used to perform the hand-shaking functions of 


"ready" and “direction” to the CPU. 


Data Input/Output 

Indicates direction of data transfer between FDC and 
Data Register. , 

DIO = "1", then transfer is from Data Register to the 
CPU. | 


DIO = "0", then transfer is from the CPU to Data | 


Register. 


Non-DMA mode oa ee 
The FDC is in the non-DMA mode. = hyo 


FDC Busy 
A read or write command is in process. 


FDD number 4 is in the seek mode. 
FDD number 3 is in the seek mode. 
FDD number 2 is in the seek mode. 
FDD number 1 is in the seek mode. 


-4- 


The FDC is capable of performing 15 different 
commands. Each command is intiated by a multi-byte 
transfer from the CPU, and the result after execution 
of the command may also be a multi~byte transfer back é 
to the CPU. Because of this multi-byte interchange of 
information between the FDC and the CPU, it is 
convenient to consider each command as consisting of 
three phases: 


Command Phase: The . FDC receives all 
information required to 
perform a particular operation 

{_ from the CPU. 
Execution Phase: The FDC performs the operation 


it was instructed to do. 


Result Phase: After completion of the 
Operation, status and other 
housekeeping information are 
made available to the CPU. 


“INSTRUCTION SET- 


INSTRUCTION: READ DATA 


REMARKS 


. 
{oe we, Mo ee 
. *. . 
» ® @ 
27,7, 8 fe ew 
woe 


DATA BUS 
R/W D7? D6 DS D& D3 D2 OD! _ odDO 


PHASE 


Command W MI MF SK O OO 1 l 0 Command Codes 
W Xx X X X X HD US1 USO 
Wo Sete seees--es= SC Ser eSseatees == Secter ID information 
Wo eter een een ren a= a prior to Command 
Wo Beers seess—e= Reese] nssssess= execution 
Wo wa -------------N--------------- 
Wo -------------- EOT-------------= 
{| Wo ween ne ere nn-- “GP L------ << ---- == 
a fl eee ee eee ee DT Urn en ew nee 
Execution Data-transfer between 
the FDD and main-system 
Result Ro ‘sees=ses2s==2- ST0---- 2-9 ---~ = Status information 
Ki Seenseeeees=== ST lower newer nnn after Command execution 
KR. “SSSeeSsese=s= Si 2-<s=s<<Ssee=—> 
R ‘SesSteese-— Caster © ieee cn laa Secter ID information 
Roo weer errr enn en : Castanea atten after Command executio 
R. “SssessSseseseo= Rew enn ner e rere 
Ro seen wen nnn Nowe nn nn 


Note: Symbols used in this table are described at the end of this section. 
X = don't care. usually made to equal binary 0. 


Ay should equal binary 1 for all operations. 


~INSTRUCTION SET- 


INSTRUCTION: READ DELETED DATA 


DATA BUS 


PHASE R/W D7 D6 DS D& D3 D2 Di 


MI MF SK _ OQ l 1 0 60 
X X X xX XX HD US1 USO 


Command 


Execution 


Result 


AWD WD WwW wWDwD Ww 
Q 
| 
' 
' 
! 
' 
' 
§ 
' 
i 
( 
i 


REMARKS 


Command Codes 
Secter ID information 


prior to Command 


execution 


Data-transfer between 


the FDD and main-system 


Status information 


after Command execution 


Secter ID information: 


after Command execution 


i 
j-- 


x 


Note: Symbols used in this table are described at the end of this section. 


X = don't care. usually made to equal binary 0. 


Ag should equal binary 1 for all operations. 


ee ee ee er ee ey = eS 
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~INSTRUCTION SET- 


INSTRUCTION: WRITE DATA 
ae 
Command W MT MF O O O 1 0 #21 Command Codes 
W X xX xX X XX 4#HD_ US1 USO 
W 0 ween n enone catuen * eteteteteecenetaranetenatated Secter ID information 
i eee Penne nee e nnn nnn prior to Command 
Do ere nn eR meee esseseen--=- = execution 
Yo 2+ ----------- N--------------- 
Wo Sesser ess—s<s=E0] 3 =< +=4-- Se 
a Wo seers Se eseeseGr Lee sso -2s=55=-= 
af A 
es Execut ion Data-transfer between 
ro the main-system and FDD 
Result Ro (sSetsahseee ae == ST 0s<=4e4=><-4-=<= Status information 
R. “Seeeses-Sse<=- ST l<eeeSsSee3s-=> after Command execution 
Ro S6s44<4s---= S=Si 2s#se=sSeee= _ | 
Ro (Seeseesess se SsaG resets ees eeee= Secter ID information 
R SSseesessaesee> HesSsasss=7== --- after Command execution 
RR, Seseeeereser Se Remon n een e nnn nae - ; 
R (sss 4ssee==--=- Neesessesese—-== é 


Note: Symbols used in this table are described at the end of this section. 


X = don't care. usually made to equal binary 0. 


Ap should equal binary 1 for all operations. 


“INSTRUCTION SET- 


INSTRUCTION: WRITE DELETED DATA 


REMARKS 


R/W D7 D6 DS D4 D3 D2 Di o»bO 


PHASE 


Command W MI MF QO O 41 0 90 1 Command Codes 
W Xx Xx xX X X HD US1 USO 
Wo teen nnn --- wal ween —- Secter ID information 
Wo cern nn nnn nnn Henne so prior to Command 
Co ere n nee R------—--— ——-—-_—»>s-s execution 
Wo seen a= -------- N---------—- --—— 
Woo w2------------ EOT ---------- ~--- 
( Q ss<s<-=-=--+=- “GP Lees =sesesesten> 
~ oes Q@ <92245--+==- SoD Less seses=ss>s= 
o Execution Data-transfer between 
: the FDD and main-system 
Result Roo wot err sescecn- STQ 29 enn Status information 
R sateaaeacadaanetatenateteeted ST l ween nn after Command execution 
Roo wetereron--- ST 22-9 == -_ 
Ro seee<<e-s-5s-= Crm n nnn --—------ «=6Secter ID information 
Ro -seessseses=<5-- 1 a after Command execution! 
R terre een nne---- Rewon nee _ : ; oe ‘ 
aia f 
Roo -2------------- N------------ --- OY Oa e ; 


» 
< 


” 


Note: Symbols used in this table are described at the end of this section. 
X = don't care. usually made to equal binary 0. 


Ag should equal binary 1 for all operations. 
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Command 


Execution 


Result 


DATA BUS 
R/W D7 D6 DS D4 D3 D2 Dil o»bOo 


xz x= 4 & H&E BH ZT ZB =F 


Hn wwn 7 ww WwW 


“INSTRUCTION SET- 


INSTRUCTION: READ A TRACK 


REMARKS 


Command Codes 


Secter ID information 
prior to Command 


execution 


Data-transfer between 
the FDD and main-system 
FDC reads all of 
cylinders contents from 
index hole to EOT. 


Status information 
after Command execution} 
Secter ID information 

- . t- é 
after Command execution 


: wD ws ’ 
oN IM ea Am . 
s ao oC ehedt { y 
ii at ee x‘ - 
é 4 
; 


Note: Symbols used in this table are described at the end of this section. 


X = don't care. usually made to equal binary 0. 


Ay should equal binary 1 for all operations. 
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“INSTRUCTION SET- 


INSTRUCTION: READ ID 


PHASE R/W D7 D6 D5 D4& D3 D2 Di _ o»o0 REMARKS 


Command W QO MF 0 0 1 0 l 0 Command Codes 
W x x Xx ».« X HD US1 USO 


Aad 


est 


bb 
: ° 


2 Execution The first correct ID 
a information on the 
cylinder is stored in 
Data Register 
Result Roo wat een een e-- =—ST 0 === =S—S Sa Status information 
RK: eeeeeeeetesse< ST1-------------- after Command execution 
Roo steer w ene ~@ ST 2-92 e nnn , 
R. ‘SSse>=sSS--5- SO S7 sae Seo eSaa== Secter ID information | 
R. (S23 <sSs5S=22>>- Hes==<<4S2=+--—> during Execution Phase | 
Roo steer nnr nn n---- Rew nnn : 
eee ete : 
. Note: Symbols used in this table are described at the end of this section. 
as X = don’t care. usually made to equal binary 0. 


Ag should equal binary 1 for all operations. 


‘oli= 


-INSTRUCTION SET- 


INSTRUCTION: FORMAT A TRACK 


DATA BUS 
R/W D7 D6 DS D4& D3 D2 ODil_o»b0 


REMARKS 


Command W O MF O O8= 24 1 0 21 Command Codes 
W X X X X xX HD _ US1 USO 
W SSeseeeesene=n= Nese etcrteesees= Bytes/Sector 
Wo teen enn SC ere morn ent enna Sectors/Track 
Wo ewe n-=------ ~~GPL--~--------- —- Gap3 
Wo Sheerness eeseese- Deesesse==s2==>> Filler Byte 
€ 
Execution FDC formats an entire 
cylinder 
Result R- sSeShesesa=ss-= STQs+ses<s=-=>>== Status information 
Ro  ssee<s<-<------ aaa ca after Command execution 
R ------------ --ST2-------------- | 
RK Stee seseress = Cres 22S S= Im this case, the ID 
: RR --------------- Hessesses-e-ssS= information has: | 
Roo teeter ec eer nnn= Reon -- =n === -- no meaning, ase} ik 
. es ela o SU eee : 7 | 
| 


Note: Symbols used in this table are described at the ead of this section. 
X = don't care. usually made to equal binary 0. 


Ay should equal binary 1 for all operations. 
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-INSTRUCTION SET- 


INSTRUCTION: _SCAN EQUAL 


REMARKS 


DATA BUS 
R/W D7 D6 D5 D4 D3 D2 Di obo 


PHASE 


Command W MI MF SK t 0 90 90 1 Command Codes 

W Xx X xX X X HD US1 USO 

Wo oSeeeeeeesteees “Cie sesssses4ee== Secter ID information 

Wo meee eem  » Coates esteem prior to Command 

Qo {SSeeeSee ee Se=s ResHeesS2e5seeS= execution 

Wo a= ----------- N---~------------ 

Wo -------------- EOT-------------- 

aa Oa a aa 

Wo e+ --------- STP -------------- 
Execution Data-compared between 

the FDD and main-system 

Result Ro Sssse<s42=45= SLOSeSSeeSse sss Status information 

R. SeSeseeSs-s=45 Sl isssss=s-—-2>%- after Command execution 

Ro -------------- ST2------------ _- 

Ro SSS2sSeosee4=> aa aca Secter ID information 

Bo (SRS eecasrs=see= Besar essessSoe after Command execution} 

Ro eeen------=----R--------------- oe oe ee 

Bene ee ee , | 1 BS 


3 


Note: Symbols used in this table are described at the end of this section. 


X = don't care. usually made to equal binary 0. 


8 Bie de 


Ag should equal binary 1 for all operations. 


Se 


“INSTRUCTION SET=- 


_ — INSTRUCTION: _SCAN LOW OR EQUAL 


R/W D7 D6 D5 D& D3 D2 D1 _ dO 


REMARKS 


Command W MI MF SK 1 O O 1 Command Codes 
W Xx X xX X =X HD US1 USO 
WW; ‘SeaeSSSoeeees= SO eS Seen esere=>Ss Secter ID information 
(ll ateeteteetneteteetereae | Co ateaaataaleettateairaes prior to Command 
QW See see sts Re ae esessse=s=: execution 
4 ‘Sess oe=ess== N=seSSSes—S<5= == 
YW SSeS esSes—=Ss= EOUs==4=Ss-os-s== 
W- sseSsseese-== =6PLeossssese-=55= 
W “SSeS eos see=es= aa 
3 Execution Data-compared between 
a the FDD and main-~system 
Result R. 2Seeeeooese=== S10 =SSS-Ssee544=> Status information 
RR. Seeseesesseses SL Le tere aeeSeses= after Command execution 
B,  ‘Seesee=seas= 2291 289s5Ss=5=s2se= a | } 
Re ‘eereeseqaeea = Gee Secter ID information: 
Roo =-e------------ H--------------- after Command execution| 
: Se Assesses sees PommususecauwwesG ; ae 
Ri. Seete=sss<Se=4Na=$-254-Ss5>=e5 


Note: Symbols used in this table are described at the end of this section. 
X = don’t care. -usually made to equal binary 0. 


Ay should equal binary 1 for all operations. 
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( | -INSTRUCTION SET- 


INSTRUCTION: SCAN HIGH OR EQUAL 


REMARKS 


DATA BUS 
R/W D7 D6 D5 D4 D3 D2 DI bdo 


PHASE 


Command W MT MF SK 2 1 21 90 21 Command Codes 
W X X X xX X HD  US1 USO 
W SSessssse=s=> a Oa Tac Secter ID information 
Wo weer nner n nnn Hct ae en an mem awe prior to Command 
0 SHessesesse=-=- Resse = anes eses execution 
Wo waa ----------- N--------------- 
( Wo wa ---------- ~-E0T-------------- 
. BE QC wt ee ew ee ew we -~GP Lo 2 oe on om row w 
Wo wana ------- --STP -------------- 
Execution Data~compared between 
the FDD and main-system 
Result R.. SSeseeseeeeees Sl OSS s=sesserSSs Status information 
Ro e¢=se4ee<<se> SL lseses=seeesee= after Command execution 
Ro -=---------- ~-ST2------------ ~~ | 
RR SSesees=ses>>> Crease = soe s => Secter ID information 
B. Sete toeesss es Benes esSssSenenT after Command executia ; 
Ro weer ween seeren Resssessessee=S> , . 
Re Seere ee eet te Ne eee Parag = : 


Note: Symbols used in this table are described at the end of this section. 
X = don't care. usually made to equal binary 0. 


PS. Ap should equal binary 1 for all operations. 
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-INSTRUCTION SET- 


INSTRUCTION: RECALIBRATE 


DATA BUS 
R/W D7 D6 D5 D4 D3 D2 OD! DO 


PHASE 


Command | 1 l Command Codes 
0 vUS1 USO 
Execution Head retracted to 


Track zero 


INSTRUCTION: SENSE INTERRUPT STATUS 


DATA BUS 
PHASE REMARKS 


R/W D7 D6 D5 D4& D3 D2 Dl oO 
Command Command Codes 


Result Status information at 
the end of seek 


operation about the FDC 


INSTRUCTION: SENSE DRIVE STATUS 


DATA BUS 
R/W D7 D6 D5 D& D3 D2 DI dO 


PHASE 


Command 0 . 0 lL Oo 90 Command Codes 
X HD US1 USO 


Result Status 1toformation 


about FDD 
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: “sy Whe 
ag OR 
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“INSTRUCTION SET- 


INSTRUCTION: SPECIFY 


DATA BUS 
R/W D7 D6 D5 D& D3 D2 ODI dO 


PHASE REMARKS 


Command Codes 


INSTRUCTION: SEEK 


R/W D7 D6 D5 D4 D3 D2 Di od 


| _— 


Command 1 1 l l Command Codes 


X HD US1 USO 


Execution Head is positioned over 
proper Cylinder on 


Floppy Disk 


INSTRUCTION: INVALID 


R/W D7 D6 DS D& D3 D2 Di _ bo 


PHASE 


moeeeuee eee aan ese pee tee ee Invalid Command Codes: | 


(NoOp - FDC goes into 
Standby State) 
a ST 0) oe ee ee STO = 80 HE 


Xx 


le os 


“COMMAND SYMBOL DESCRIPTION- 


syMBOL | NAME DESCRIPTION 


GA cna adel 
(track) number 0 through 76 of the medium. 
a 
| to be written into a sector. 
8-bit Data Bus where D7 stands for a most 
significant bit, and DO stands for a least 
Significant bit. 
iol nell When N is: defined as 00, DIL stands for 
read out or write into the sector. 
on a cylinder. 
GPL Gap Length GPL stands for the length of GAP 3 
(spacing between Sectors excluding VCO 
Sync. Field). 
iS > pene H stands for head number 0 or l, as 
specified in ID field. 
i HD stands for a selected head number O or 1 
(H = HD in all command words) 


AO controls selection of Main Status 
Register (AO = 0) or Data Register (AO = 1). 


the data length which users are going to 
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C ~COMMAND SYMBOL DESCRIPTION- 
| sywpon | NAME | DESCRIPTION 


7 Head Load Time HLT stands for the head load time in the FDD 


Head Unload Time 


This timer can be programmed from 2ms to 
254ms by 2ms (Q0=DON'T USE, O1=2ms, 02"4ms, 
and so forth) for 8-inch floppy disk drives. 
It can be also programmed from 4ms to 508ms 
by 4ms for 5.25-inch floppy 


HUT stands for the head unload time after 


disk drives. 


a read or write operation has occurred. 
This timer can be programmed from 16ms to 

240ms by l6ms (OO=NOT USE, 01=l6ms, 02732ms, 
and so forth) for 8-inch floppy disk drives. 
It can be also programmed from 32ms to 480ms 
by 10ms (00#NOT USE, 01=32ms, 02=64ms, and 
forth) for 5.25-inch floppy disk drives. 


La FM or MFM Mode MF is low, FM mode is selected, and if it 
high, MFM mode is selected. 


Multi Track 


MT is high, a multi-track operation is to 
be performed. (A cylinder under both HDO and 


HD1 will be read or written) 
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-COMMAND SYMBOL DESCRIPTION-~- 


Become 
a 


Number N stands for the waned! se ace ites 
written in a sector. 


New Cylinder 


NCN stands for a new cylinder number, 


Number which is going to be reached as a result of 


the Seek operation. Desired position of Head 


= Non-DMA Mode ND stands for operation in the Non~DMA Mode. 


Present Cylinder| PCN stands for Cylinder number at the 
completion of SENSE INTERRUPT STATUS command. 


Position of Head at present time. 


= oo | R stands for the sector number, which will be 
read or written. 
| signal. 
ill lll unneeded 
Cylinder. 


Step Rate Time SRT stands for the Stepping Rate for the FDD. 


—er 5 - 
TN 


This timer can be programmed from lms to 16ms 
by lms (Fey ims, EEX 2ms » DEX 
forth) for 8-inch floppy disk drives. It can 


=3ms, and so 


be also programmed from 2ms to 32ms a 2ms 


for 5.25-inch floppy disk drives. 
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( ° ~COMMAND SYMBOL DESCRIPTION- 
a (CONT. ) 


STO Status 0 STO-3 stands for one of four registers 

STl Status 1 which store the status information after a 

ST2 Status 2 command has been executed. This information 

ST3 Status 3 is available during the result phase after 
command execution. These registers should not 
be confused with the main status register 
(selected Ay = 0). STO-3 may be read only 
after a command has been executed and contain 


information relevant to that particular 


command. 
STP During Scan operation, if STP = 1, the data 
in contiguous sectors is compared byte by 


byte with data sent from the CPU (or DMA); 


and if STP = 0, then alternate sectors are 
read and compared. 
USO Unit Select US stands for a selected drive number O or l. 
US1 
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PROCESSOR INTERFACE During Command or Result Phases the Main Status Register idescribed earlier) must be 
reed by the processor before each byte of information is written into or read from the 
Osta Register. Bits D6 and 07 in the Main Status Register must be in a 0 and 1 state, 
respectively, before each byte of the command word may be written into the wPD765 
Many of the commands require multiple bytes, and as a result the Main Status Register 
must be read prior to each byte transfer to the uPD765. On the other hand, during the 
Result Phase, D6 and D7 in the Main Status Register must both be 1’s (06 = 1 and 2 
D7 = 1) before reading each byte from the Data Register. Note, this reading of the 
Main Status Register before each byte transfer to the uPOD765 is required in only the 
Command and Result Phases, and NOT during the Execution Phase. 


sane 


2 
4 a : 
i “ 


4 


+t ef Qt eee 
Pe 2 oe oe oe | 


Se 
i 


During the Execution Phase, the Main Status Register need not be read. If the n.PO765 

: is in the NON-OMA Mode, then the receipt of each data byte (if uPD765 is reading data 
trom FDD) is indicated by an Interrupt signal on pin 18 (INT = 1). The generation of a 
Read signal (RO = 0) will reset the Interrupt as well as output the Data onto the Data 
Bus. If the processor cannot handie Interrupts fast enough (every 13 ys) then it may 
poli the Main Status Register and then bit 07 (RQM) functions just like the Interrupt 
signal. If a Write Cormmand is in process then the WR signal performs the reset to the 
Interrupt signal. 


If the uPD765 is in the OMA Mode, no Interrupts are generated during the Execution 
Phase. The uPO765 generates ORQ’s (OMA Requests) when each byte of data is avail- 
able. The DMA Controller responds to this request with both 2 DACK = 0 (OMA 
Acknowledge) and a RD=0 (Read signal). When the OMA Acknowledge signal goes 

low (OACK = 0) then the OMA Request is reset (DRO = 0). If a Write Command has 
been programmed then aWR signal will appear instead of RO. After the Execution 
Phase has been completed (Terminal Count has occurred) then an Interrupt will occur 
(INT = 1). This signifies the beginning of the Result Phase. When the first byte of data 
is read during the Result Phase, the Interrupt is automatically reset (INT = 0). 


It is important to note that during the Result Phase all bytes shown in the Command 
( : | Table must be read. The Read Data Command, for example has seven bytes of data in 
ae the Result Phase. All seven bytes must be read in order to successfully complete the 
Read Data Command. The uPO765 will not accept a new command until all seven 
bytes have been read. Other commands may require fewer bytes to be read during the 
~ . Result Phase. 


4 : a 
+, 
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tht et ge ati 
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The pP0765 contains five Status Registers. The Main Status Register mentioned above 
may be read by the processor at any time. The other four Status Registers (STO, ST1, 
ST2, and ST3) are only available during the Result Phase, and may be read only after 
successfully completing a command. The particular command which has been executed 
determines how many of the Status Registers will be read. 

ee 


The bytes of data which are sent to the uPO765 to form the Command Phase, and are en 

read out of the uPD765 in the Result Phase, must occur in the order shown in: the Come . eee 

mand Table. That is, the Command Code must be sent first and. the other bytes sent ’in- 
: the prescribed sequence. No foreshortening of the Command or Result Phases are” wee 
allowed. After the last byte of data in the Command Phase is sent to the uPD765; the © . 
Execution Phase automatically starts. In a similar fashion, when the last byteofdatais: “'"” 
read out in the Result Phase, the command is automatically ended and tire io 7" 
ready for anew command. A command may be truncated (prematurely ended) y bye nee pained 
simply sending a Terminal Count signal to pin 16 (TC = 1). This is a convenient means... + 
of ensuring that the processor may always get the uPD765's attention even if the disk. 
system hangs up in an abnormal manner. Se oe a 
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TA ; — FUNCTIONAL 
une (Me words ore required to place the FOC into the Read Data Mode. Atter the Read Data DESCRIPTION OF 
3 Khas 


.. aued the FOC loads the head (if it 13 1 the Uniosded state), warts the specified Nead COMMANDS 
ime { domes 3 in the Soecity Command), and begns reading 10 Address Marks and ID fieias. When 

PMY Sette: Umber (°R’) stored in the 1D Regster (1OR) compares with the sector number read off . 

ette, then the FOC outputs Gata (trom the data fieid) byte-to byte to Me main system vis the Gata 


ompietion of the read operation from the current sector, the Sector Number ss incremented by one, 
® Gata from the next sector 6136 and Output On the Gata bus. Thr continuous read function es called 
itr Sectar Read Operation.” The Read Data Command may be termonated By the receipt of a Terminal 
i Signal. Upon recenpt of thes signal, the F DC st09s outpurting data to the processor, but will Continue 
19 data trom the current sector, check CRC (Cyciic Redundancy Count) bytes, and then at the end of 
RGlor terminate the Read Data Command. 


a@mount of data which can be handied with 3 singe command to the FOC depends upon MT (mustt> 
k}, ME (MEM/EM), and N (Number of Sytes/Sector). Table 1 below shows the Transfer Capacity. 


MFEM/FM Byvres/Sector | Maximum Transter Capacity Final Sector Read 
ME N (Byres/Sector) (Number of Sectors) - from Oiskertte 
00 


ite Track 
MT 


0 ; 0 (328) (26) = 3,328 26 at S.iceO 
0 1 o1 (2856) (26) = 6.656 or 26 at Side 1 
1 ) (128) (52) = 6,656 oe 
’ (286) (52) = 13,312 sie 
0 0 01 (256) (15) = 3.840 15 at Sie O | 
0 1 02 (512) (18) = 7,680 {| of 18 at Side 3 
01 $6) (30) = 7,680 
| : 02 rps ae = 15,360 te at eee 
| 8) | 0 02 (512) (8) = 4,096 8 at Sae 0 
0 1 03 (10249(8) = 8192 "or Bat Side 1 
} | 0 
1 1 


(512) (16) = 8192 " 
Table 1. Transter Capacity 


rf oulte tack” function (MT) allows the FOC to read data from both sides of the diskette. For a 

p2 st Cyisncer, data will be transferred starting at Sector 0. Side 0 and completing at Sector L, Side 3 
‘Sea. L = fast sector on the side). Note, this function pertains to only one cylinder (the same track) on 
eacn side of the diskette. 


When N= 0. then OTL defines the data length which the FOC must weat as a sector. If OTL is snailer than 
the actual data iength in a Sector, the data beyond OTL in the Sector, is not sent to the Data Bus. The FOC 
reads (internally! the comolete Sector performing the CRC check. and depending upon the manner of com 
manc terminat.on. may perform a Mult:-Sector Read Operation. When N ts non-zero, then OTL has no 
meaunrg and snouid be set to FF Hexadecimal. 


At the comotet.on of tne Read Data Command, the head 1s not unioaded until atter Head Unicad Time 
Interval (specifred in the Soec:ty Command) has elansed. If the processor issues another command betore 
tne Nead untoads then the nead settling teme may be saved berween subsequent reads. This time out 16 
particularly vaiuable when a diskette 1s coped trom ane drive to another. 


It tne FOC detects the index Hole twice without finding the right sector, (indicated in “R'’), then the FOC 
sets the NO iNo Data) flag in Status Register 1 toa 1! (high), and terminates the Read Data Command. 
(Status Regste: 0 also nas ots 7 ana 6 set 10 0 and 1 respectively.) | 

After reading tne 1D and Data Freicts on each sector, the FOC checks the CRC bytes. If a read error is 
Getected (micorrect CRC in 1D fieial, tne FOC sets the OE (Data Error) flag im Status Register } toa 1 (high). 
and if a CRC error occurs in the Data Freid the FOC also sets the OO (Data Error in Data Field) tag in 
Status Regster 210 a 1 (high), and terminates the Read Data Command. (Status Register 0 aiso has bits 7 a s 
and 6 set to 0 and 1 respectively.) . | : 


Status Register 2 to a 1 (high), and terminates the Read Osta Command. 
If the FOC reads a Deleted Data Address Mark off the diskette, and the SK bit (bit D5 in the first Command 


by the processor every 27 us in the FM Mode, and every 13 us in the MFM Mode. or the FOC sets the OR 
(Over Run) flag in Status Regnter 1 to a 1 (hgh), end terminates the Read Data Command. 

If The processor terminates a read (or wnte) operation in the FOC, tren the 1D Information in the Result 
Phase 1s. dependent upon the state of tne MT bit ana EOT byte. Table 2 shows the values tor C. M, R, and 
N. when the pr caorssor terminates the Commend, 


Word) 1s not set (SK = 0), men the FOC sets the OM (Control Mark) flag in Status Register 2 to a 1 (hgh, es ae  , Sete os * 
and teyminates the Read Data Command, after reading all the data in tne Sector. If SK = 1, the FOC stups a + ae Rey “EEE = 
the sector with the Deleted Data Accress Mark and reads the next sector. ih er ea 
During disk data transfers between tne FOC and the processor, via the data bus, the FOC must be serviced ~ a. A. 
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FUNCTIONAL 


DESCRIPTION OF 


(Manos (conT.) 


bie 
Pe 


Sector 1 to 25 at Side 0 
Sector 1 to 14 at Side 0 
Secter 1 to 7 at Side 0 


Sector 26 a1 Side 0 


Sector 15 at Side 0 NC 
‘ Sector 8 at Side 0 
Sector 1 to 25 at Side 1 i 


Sector 1 to 14 at Side 1 Ae} NC 


Sector 1 to 7 at Side 1 


Sector 26 at Side 1 
Sector 15 at Side 1 
Sector 8 at Side 1 


Sector 1 to 25 at Side 0 
Sector Tto 14 at S:ice 0 
Sector 3 to 7 at Side 0 


Sector 26 at Side 0 
Sector 15 at Side O 
Sector 8 at Side 0 
Sector + to 25 at Side 1 
Sector 1 to 14 at Side 1} 
Sector 1 ta 7 a1 Side 1 


i 
2] 
z 
2] 


1A Sector 26 at Side 1 
OF Sector 1§ at Side 1 NC 
me} Sector 8 at Side 1 


Notes: 1 NC (No Change): The same vaiue as the one at the begnning of command execution. 


2 LSB (Least Significant B:t): The least significant bit of H ns compiemented. 


Table 2 1D informavon When Processos Terminates Command 


WRITE DATA 

A set of nine (9) bytes are required to set the FOC imo the Write Data mode. After the Write Data command 

has been issued the FOC loads the head (if it 1s in the UNtoeded state), waits the wecified heat setting te 
(defined in the Specity Command), and begins reading ID Fieids. When the current sector number ("R“*), 
stored in the ID Register (1OR) compares with the sector number read off the diskette, then the FOC takes 
data from the processor byte-by-by te via the Gata bus, and outputs it to the FOO. 

After writing data imo the current ssctor, the Sector Number stored in “R™ 1s incremented by one. and the 
Next data field is written into. The FOC continues this “Multi-Sector Weite Operation” until the issuance of 
& Terminal Count signal. If a Terminal Count signal is sent to the FDC it continues writing into the current 
sector to complete the data field. [f the Terminal Count signal ts recernved while a data freid 1s being written 
then the remawnder of the data field is filled with 00 (zeros). : 
The FOC reads the ID field of each sector and checks the CRC bytes if tne FOC cetects a read error 
(incorrect CRC} in one of the 10 Fields, it sets the OE (Data Error) mag of Status Regrster 1 10 3 7 (high), 
and terminates the Write Osta Command. (Status Regster 0 sito has Dits 7 and 6 set to 0 and 1 rewectrvety.) 
The Write Command operates in much the sarne manner as the Read Command. The fotioweog items are the 


samme, and one should reter to the Read Osta Command for detaiis: - + Se }: aaae 
© Transter Capacity © Head Unioad Time interval 2 BRA | 
e EN (End of Cytinder) Fling e 10 intormatnon when the processor termmineses commanc: see Tenie 27+ 


e NO (No Data) Fisg e Detention of OTL when N ®@ 0 and when N @ 0 [ Aes 


4 
In the Write Data mode, data transters between the processor and FOC. via the Osta Bus, must occur every 
31 us in the FM mods, and every 15 4s 1n the MFM mode. If the time interval between Gata. transtess. 2: 
longer than this then the FOC sets the OR (Over Run) flag in Status Regstes. 1 toa: (heghhk anchtewmninetes: | 


the Wenie Data Command. (Status Regster 0 aiso nas bit 7 and 6 set to 0 and 1 remectwety.} | +i. wea 
WRITE DELETED DATA i a a 


ot t 


Ths command 1s the same as the Were Data Command exceot 2 Deleted Osts Address Mark is written atthe 


dbeginmung of the Data Field sratead of the normal Data Address Mark. 


READ DELETED DATA 

Tha command is the same as the Read Data Command except that when the FOC cetects a Data Address 
Mark at the beginning of a Oata Fieid (and SK = 0 (iow), 11 will read all the Gata in the sector and set the 
MO flag in Status Register 2 to a 1 (high), and then terminate the command. If SK = 1, then me FOC skios 


the sector wim the Oats Address Mark and reeds the next sector. 
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| : | FUNCTIONAL 
DESCRIPTION OF 
COMMANDS (CONT.) 


TRACK 
seni ar to READ DATA Command excent that ths is 8 continuous READ operation 
_Atents of tre track ave read. immediately etter encountering the INDEX HOLE, the 
and Osta are ail read as &@ contunucis 


rts rer =" git cata on tne track, Gao bytes, Adcrets Marks and 

kam, ah hinds en error in the 1D or OATA CRC check bytes, it continues to read Cats 

@ track. the FOC compares the 10 information read from each sector with the value stored in the 
Xd sets the ND flag of Status Register I toa 1 (hugh) if there it no comparison, Multitrack or ship 


e 


(OM are not slowed with this command. 
arnmand terminates when EOT number of sectors Nave been read (EOTmex © FFiexn * 255cec). 


FOC does not find an 1D Acdress Mark on the diskette atter it encounters the INDEX HOLE tor the 
d time, then it sets the MA (missing address mask) fiag in Status Regeter 1 tos } (hogh), and terre 
the command. (Status Register 0 has bits 7 and 6 set to 0 and 1 respectively). 


610 
READ 10 Command is used to give the present position of the recording head. The FOC stores the 
es from the first 1D Fieid it able to read. If no proper 10 Adaress Mark is found on the Giskette, 


we the INDEX HOLE is encountered for the second time then the MA (Missing Adcress Mark) flag in 
nd if No data ts found then the NO (No Data) fiag 1s also set in Seats 


tus Register 1 is setto a } (nigh). 
pster 1 ta.a} (high). The command is then terminated with Bits 7 and 6 in Status Register 0 set to 0 


31 respectively. 


JRMAT A TRACK 

ne Format Command atiows an entire track to be formatted After the INDEX HOLE is detected, Data is 
ritten on the Diskette: Gaps, Address Marks, ID Fietds and Data Fields, all per the 18M System 34 (Double 
hemsity) or System 3740 (Single Density) F ormat are recorded. The particular format which will be written 


& controtied by the values programmed into N (number of bytes/sector), SC (sectorscylinder), GPL (Gap 
Length), and D (Data Pattern) which are supplied by the processor during the Command Phase. The Data 
Field is filled with the Byte of data stored in D. The 10 Field for each sector s mupplied by the processor; 
‘that is, four data requests per sector are made by the FOC for C (Cylinder Number), H (Head Number), 
R (Sector Number) and N (Number of Bytes/Sector). This allows the diskette to be formatted with nor 


- Sequential sector numbers, if desired. 
After formatting each sector, the processor must send new values tor Cc, 4, R, and Ne t0 the pPO765 tor 


each sector on the track. The contents of the FR regster is incremented by one after each sector is 
f “d, thus, the R regrster contains a value of R + 1 when it & read during the Result Phase. This 
iting and formatting continue {ar *e whole Cylinder unté the FOC encounters the INDEX HOLE 


inc . 
for  ¢ond time, whereupon it terminates the command. 

a a FAULT signal is received trom the FOD at the end of a write operation, then the FOC sets the 
EC flag of Status Regster 0 toa 1 (high), and termingtes the command after setting bits 7 and 6 of Status 
Register 0 to O and 1 respectwety. Also the joss of a READY signal at the begnning of a command 


execution phase causes bits 7 and 6 of Status Regster 0 to be set to 0 and 1 respecitvely 
Table 3 shows the relationship between N, SC, and GPL for various sector sizes: 


pat Tecoma [ee ToT al a 


128 by tes/Sector . 18M Oiskertte 1 
256 IBM Orskerre 2 
§12 
1024 by tes/Sector 3 
2048 | 04 Z 
IBM Diskette 2D ji rg 


18M Oisketre 2D ‘ 
. e :, ON - 3 re a 
Sook . aan eae 


Tabie 3 
Note: QD Suggested values of GPL in Read or Write Commands to avoid splice point between data field 


; ond 10 field of contiguous sections. 
@ Suggested values of GPL in format command. 
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FUNCTIONAL 


DESCRIPTION OF 


IMN, 


PNDS (CONT.) 


During the Command Phase of the Seek operation the FDC is in the FOC BUSY stste, but during the. a. oe 
Execution Phase it is in the NON BUSY state. While the FOC is in the NON BUSY state, another Seek 
Command may be imaued, and in this manner paraiiel seek operations may be done an up to 4 Drives at 
once. 


SCAN COMMANDS 


The SCAN Commands aliow dats which is Oanne read from the diskette to be compared agannst Gata which 

is beng supplied trom the main system (Processor mn NON-OMA mode, and OMA Controtie: nm OMA mode). 
The FOC compares the data on 2 by te by- byte Dass, and iooks for 3 sector of data whch meets the Conde 
trons of OF OO © OProcessor. DFDD < Ofracessor, O° OFDO 7 OProcessor- Ones complement anm- 
metic 9 used for comparnon (FF = targest number, 00 © smatiest number). After a whole sector of Gata 
is Compared, if the concitioms are not met, the sector MUMber a incremented (R « STP — Ri}, and the scan 
aber sion 13 Contenued. The scan operstron continues untd one of the followsng conditions occur; the cor- 
Grtioms for scan are met (equal, low, or high}, the last sector on the track is seached (EOT), or the termmal y 
Count seqnal received. 

if the conditions for scan are met then the FOC sets the SH (Scan Hit) flag of Status Register 2 to a: 1 
(high), and terminates the Scan Command. ff the conditions for scan are not met between the starting 
sector (as specified by R) and the last sector on the cylinder (EOT). then the F OC sets the SN (Scan Not 
Saustied) ftag of Status Register 2 ta 8 1 (high), and terminates the Scan Command. The recewt of a 
TERMINAL COUNT signal from the Processor or OMA Controller Guring the scan oper auion wil Cause the 
FOC to complete the comparison of the particular byte which 4s in process, aNd then to terminate the com- 
mand. Tabie 4 shows the status of bts SH and SN under various conditions of SCAN. 


STATUS REGISTER 2 
me pe yt 


as CFDD * OProcesor 
: DEDD = OPracessor 
meee He 


DOFEDD * OProcessor 
Table 4 
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OFDD < OPracessor 
DeEOD <« OP racessor 


DFOO * OProcessor 
OFOD < OProcessor 
OFDD 2 OProcessor 


ef 


if the FOC encounters a Deleted Data Address Mark on one of the sectors (and SK = 0). then it regards the. 
sector as the last sector on the cylinder, sets CM (Control Mark) flag of Status Register 2 to a 1 (high) and 
terminates the cormmand. if SK = 1, the FOC skips the sector with the Deleted Address Mark. and reads 
the next sector. In the second case (SK = 1}, the FOC sets the CM (Controt Mark) flag af Stans Regrster 2 
te a 1 (hgh) in order to show that a Deleted Sector had been encountered. 


When either the STP (contiquous sectors = 01, or alternate sectors © 02 sectors are read) or the MT (Multe 
Track) are programmed, it is necessary to remember that the last sector on the track must be read. For 
exemple, if STP = 02, MT = 0, the sectors are numbered sequentially 1 through 26, and we start the Scan 
Command at sector 21; the following will happen. Sectors 21, 23, and 25 will be read, then the next sector 
(26) wit be skipped and the index Hole will be encountered before the EOT vatue of 26 can be read. This 
will remit in an abnormal termination of the command. If the EOT had been set at 25 or the scanning 
Started at sector 20, then the Scan Command would be completed in a normal manner. 


During the Scan Command data is supplied by either the processor or OMA Comrolier for comparison 
agers the data read from the diskette. in order to avoid Naving the OR (Over Run) fiag set in Status 
Register 1, it is necessary to have the data available in less than 27 us (FM Mode) or 13 us (MEM Mode). If 
an Overrun occurs the F OC ends the command with bits 7 and 6 of Status Regqster 0 set to 0 and }, 
respectively. 


SEEK 


a a 
The read/write head within the FOO 1s moved from cylinder to cylinder under comrot of the Seets ot 
Command. The FOC compares the PCN (Present Cylinder Number) winch rs the current heed position 7 
wath the NCN (New Cylinder Number), and if there is a difference performs the followwng operation: ences 


ON ob aae 6” tethe 
PCN < NCN: Direction signal to FOD set to a 1 (high), and Step Pulses are essued. (Step in.) 


PCN > NCN: Direction signal to FDO set to 2 0 (low), and Step Pulses ave issued. (Sten Out.) ~ hee au : 
The rate at which Step Pulses are teaued 3: controlied by SRT (Stepping Rate Time) in the SPECIFY Com. wey 
mand. Atter each Step Pulse is issued NCN as compared against PCN, and when NCN = PCN, then the SR $A Se ie mos, 


Seek End) fiag is set in Status Regster 0 to 8 1 (high), and the command is terminsed. one peta ." 


ht 01 


if eon FOO is in a NOT READY state at the begnning of the commend execution phate of during the seek 
operstion, then the NA INOT READY) fiag 1s set in Status Regster 0 to a 3 (Pogn), and the command rs 
terrmneted etter bits 7 ancl 6 of Status Regster 0 ave set to 0 and 1} respectivety. 
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RECALIBRATE | FUNCTIONAL 


The tunction of thes Command 1 to retract the read/write head wnthen the FOD ta the Trock 0 poston. DESCRIPTION OF 
a. ‘DC clears the contents of the PCN counter, and Checks the status of the Track 0 seqnei from the COMMAN OS (CO NT.) 


i As tong as tre Track O seqnal is low, the Ou ection signal remarns 3 (hegh) and Step Pulses are saved. 
delay Track 0 signal goes tugh, the SE (SEEK ENO) flag wn Status Register O 5 set to 8 3 (hegh) and the 
CO. .end is terminated If the Tract 0 signal is still low atter 77 Step Pulse have been isawed, tre FOC sets 
the SE (SEEK ENDO) and EC (EQUIPMENT CHECK) fiags of Status Reg:ster 0 to both 36 (hghs), and . 
terminates the commana atier bits 7 and 6 of Status Reqster 0 1s set 10 0 and | respectively. 


The ability to do overiap RECALIBRATE Commands to multiple FODs and tne lon of the READY signal, . 
@3 described in the SEEK Command, oso appiews to the RECALIBRATE Command. 


SENSE INTERRUPT STATUS 
Aa interrupt signal ts generated by the FOC for one of the following ressons: 


1. Upon entering the Result Phase of: 

Read Dats Command 

Read a Track Command 

Read 10 Command r 
Read Oeteted Data Command 

Write Oara Command 

Format a Cylinder Cornmand 

Write Deleted Oata Command 

Scan Commands 

2. Ready Line of FOO changes state 

3. Ena of Seek or Recalidrate Command 

4. During Execution Phase in the NON-OMA Mode 


interrupts caused by reasons 1 and 4 above occur during normal command operations and are easily dis 
cemibie by the processor. However, interrupts caused by reasons 2 and 3 above may de uniquely dentified 
with the aid of the Sense interrupt Status Command. This command when issued resets the mnterrupt signal 
and via bits 5, 6. and 7 of Status Regster 0 identifies the cause of the interrupt. 


SEEK ENO INTERRUPT COOE 
BIT 5 
Ready Line changed state, ether polarity 


RE SE a Normal Termination of Seek or Recalibrate Command 
ec Nf eee ees 


Tatie & 


Neither the Seek or Recalibrate Command have a Result Phase. Therefore, it 1s mandstory to use the Seme 
Ieterrupt Status Command after these commands to effectively terminate them and to prowde verification 
of where the head 1s positioned (PCN). 
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SPECIFY 


The Specify Command sets the initial values for each of the three internal timers. The HUT (Head Unioad 
Time) defines the time from the end of the Execution Phase of one of the Read/Write Commands to the 
head unioad state. This timer is programmable from 0 to 240 ms in increments of 16 ms (00 © O ms, Ol = 
16 ms, O2 © 32 ms, etc.}. The SRT (Step Rate Time) defines the time interval between edjacent sup 

putses. This timer is programmatie from t to 16 ms in increments of 1 ms (F © 1 ms. E = 2ms, 0 = 3 ms, 
ete.). The HLT (Head Load Tene) defines the ime between when the Head Load signal goes high snd when 
the Read/Write operation starts. This timer is programmadie trom 2 to 256 ms in increments of 2 ms 

(OO = 2 ms, 01 © 4 rms, 02 = 6 ms, orc.) 


The time intervals mentioned above are s direct function of the clock (CLK on pin 19). Times indicated —_ ; ; x 
above are for an 8 MHz clock, if the clock was reduced to 4 MHz (mint floppy application) then all time ; _ i — v 
mervals ere increased by a factor of 2. | 
The choice of OMA or NON-OMA aperstion is made by the NO (NON-OMA) bit. When this bit it high 
(NO = 1) the NON- OMA mode is selected, and when ND = 0 the OMA mode is selected. 


# tg 


SENSE ORIVESTATUS . x Cae OSG: oe, 
Ths command may be ued by the processor whenever it wishes to obtain the status of the FOOs. vend eee Sie 

- a * sre 
Starus Regrster 3 contains tne Orive Status information. & ah, 
INVALIO .» . ; wie es 


H an snveiid command 1s sent to the FDC (3 command not defined above), then the FOC will termmnate the 
command after ats 7 and 6 of Status Regster 0 are set to } and 0 respectively. A Sense Imterrupt Status 
Command must be sent atter s Seek of Recalibrate lnterrnes: otherwiee the FDC will conssder the next 
Cormemnend to be an invaird Conwnend. 


In some spplications the user may wrsh to use thts command as a No-Op command, to piace the FOC in a 
standby of no operation state. 
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STATUS REGISTER 


IT 
POENTIFICATION [NO_] NAME | SYMBOL 


Fs satus REcsStTeRO -STO- | 


D7" Oand Deg = 0 
imerrupt Normal Termination of Command, (NT). Com 
Code mand was completed and property executed. 
07 Oand Og= 1 
Abnormal Termination of Command, (AT). 
Execution of Command was started, but was not 
successfully completed. 
O7= 1 and Dg=0 
Invalid Command issue, (1C). Command which 
was issued was never started. 
D7 = 1 and Deé= 1 
Abnormal Termination because during command 
execution the ready signa! from FDO changed 
state. 


When the FOC completes the SEEK Command, 
this flag is set to. 1 (high). 
if a fault Signal is received from the FOD, or if 


the Track 0 Signal fails to occur after 77 Step 
Pulses (Recalibrate Command) then this flag is 


When the FOO is in the not-ready state and a 
read or write command is issued, this flag is ser 

If a read or write command is issued to Side 1} of 
a single sided drive, then this flag is set. 


This flag is used to indicate the state of the head 
at Interrupt. 


Unit Select 1 | ousi | These flags are used to indicate a Drive Unit 


[Bo [unit Setecr | uso | Number at Interrupt 


STATUS REGISTER1— GS | 7 - 


End of When the FDC tries ta access a Sector beyond 
ylinder the final Sector of a Cylinder, this flag is set. 
i oe ee eee Not used. This bit is always O (low). 


When the FDC detects a CRC error in either the 
1D field or the data field, this flag is set. 


During execution of READ DATA, WRITE. . 
DELETED DATA or SCAN Command, if the 

FDC cannot find the Sector i aaah 
Register, this flag is set. 
During executing the READ ID Command; it. 
the FOC cannot read the ID field without an: 
error, then this flag is set. 


During the execution of the READ A Cylinder 


Command, if the starting sector cannot be 
found, then this flag is set 


STATUS Reins... SSRN Stee 


=o car DESCRIPTION IDENTIFICATION (CONT.) 


STATUS REGISTER 1 (CONT.) 
During execution of WRITE DATA, WRITE 


ritable DELETED DATA or Format A Cylinder Com 
mand, if the FOC detects a write protect sgnal . 
from the FOD, then this flag is set. 
lssing If tue FOC cannot detect the IO Address Mark 
a after encountering the index hole twice, then 
ark 


thes flag is set. 
it the FOC cannot detect the Data Address Mark 
or Deleted Data Address Mark, this flag es set 
Also at the same time, the MO (Missing Address 
Mark in Data Freid) of Status Register 2 1s set 


STATUS REGISTER2 -G | D ~ 


| = % 
| __ Not used. This bet is always 0 (low). 
CM 


Control During executing the READ DATA or SCAN 
Mark Command, if the FDC encounters a Sector which 


contains a Deleted Data Address Mark, this 
> | Data Error in OO 
Dats Fieid 


flag is set 
4 Wrong Wc 
Cylinder 
| 5 ioe 


This bit ts related with the ND bit, and when the 
contents of C on the medium is different from - 

that stored in the IDR, this flag is set 
Duning execution. the SCAN Command, «! the 
condition of *‘equal” is satisfied, this flag 1s set. 


if the FOC detects aCRC error in the data field 
then this flag 1s set 

D3 | Scan Equa! 

‘at 


D2 ~~ scan Naot During executing the SCAN Command, if the 
Sattsfied FOC cannot find a Sector on the cylinder which 
meets the condition, then this flag ts set 
D1 Bad BC Thies Bit 1s related with the ND dit. and when the 
Cylinder content ot C on the medium is different from 
that stored in the 1OR and the content of C is 
FF. then this flag ts set 


Missing 
Address Mark 


When data 1s read from the medium, if the FOC 
cannot find a Data Address Mark or Deleted 
Data Adeiress Mark, then this fiag 1s set. 


STATUS REGISTER3 —~G T 34 — 
07 — i | This bit 1s used 10 indicate the status of the 
Fault signal from the FOD. ‘ 
oe el 
Protected Write Protected signal from the FOOD. 
Os This bat 1s Used 10 indicate the status of the 


Ready signal trom the FDO. 
D3 | Two Side TS This bit is used to indicate the status of the 
Two Side signal trorn the FOD. 


02 Head Address HD This bit ts used to indicate the status of Side 


| Select signal to the FOD. 
0; heuetneas Wack This bit 1s used to indicate the status of the Unit 
Do Unit Seiect O This Dit is used to indicate the status of the Unit 
Seiec: O signal to the FOO. 


itt Data Fieid 


Setect 1 signal 10 the FOO. 
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APPENDIX C 


EXTENDED MEMORY VERSION 
OF THE T200/T250 SYSTEM 
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ra DESCRIPTION 
The data processing system 1200/T250 has_= an 
be extended memory version on which 63 K CP/M can run. 
= This memory extension can be done by the memory bank 


selection. 


For the memory bank selection, MODE REGISTER (COH) 


should be used as follows (See Fig. C.1) 
MODE REGISTER (COH) 
MSB LSB 
x | |X | x | Bom] vec} Rant] nano 
X: conforms to the bit definition in MODE 
| REGISTER(section 4.4.1) 
— 
oa EXAMPLES 
us (1) Initial Setting 
MSB LSB 
x} x} x} x} of eo} of 
In this case, BANK 0(ROM) and BANK I(D-RAM) can be 
selected. | ae 
(2) Video-RAM(BANK III) Select/Deselect | “ages NS | 
pe 
MSB LSB a 
2 


This operation selects the video-RAM(BANK III). 


(3) VPG(BANK IV) Select/Deselect 


- MSB LSB 


This operation selects the VPG ( BANK IV). 
(4) D-RAM(BANK I) Select 


; MSB 


LSB 
x |x} x} x} i} of} of 3 


This operation selects D-RAM(BANK I). 
(5)  S-RAM(BANK II) Select/Deselect 


MSB LSB 
x] xt x{ xi xf] ofits 


This operation selects S-RAM(BANK II). 
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BANK I BANK O/II 


( | OO000H ---- 
ts IPL ROM 4 KBytes 
o (BANK 0) 
1000H =~ 
S~RAM 4KBytes 
(BANK IT) 
2000H ae = 
BANK III BANK IV 
3800H 
Video-RAM VPG S-RAM 
3FFFH 
Fig. C.1 Memory Map| 
FPFFH a, 


D-RAM 


MEMORY BANK SELECTION 


MEMORY MODE REGISTER(COH) 


For the memory bank selection, MODE REGISTER should be 
specified as follows. 


/ 3 2 1 0 
) | Rom | vec | RAML|RAMO/ 
(Note 1) 


oe ak ee se ee es 
[now Jo] o]o]ofiytiyi]i- 
[wee fo fofifi1{o]o)/i)1- 
[rat fo |i] of 1}o,1)o] 1 
[avo fo [of of ofo,o|,ol|o 
Taprsss| SsC—‘“‘;~C;7<S;7«T<;7<C;S;CSCS;SCS;CS 


q 0000H 


OFFFH : 
LOO00H 
LFFFH 

2000H 


| | D-RAM. 
37FFH 


Mot : ‘ es 
ene Cr en od So. e} 
Bee ‘ ote anid 
f ; 
ae ’ eae 
: a apis - : 
3800H an es 
hag wpe “” Lk 
V —_ wey ee Re eyes. : 
V _ Oat take oo Eo 
: re ER Gaye Petey et 
Se eye Lege 
cpg eer 
RAM VPG R BSE he 
sy he LE OF 
Ae eee 
. -+ ke ay Sena tre OT, ; 
* CR age BEB ae 
3FFFH we A 
. i See ae 
Pi : -_ ed 
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4000H 


PFFFH 


Note 1: RAMO should be always set to "0". 
Note 2: V-RAM means Video-RAM. 
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PROCESSOR EREnee During Command or Result Phases the Main Status Register (described eariier) must be 
reed by the processor before each byte of information is written into or read from the 
Osta Register. Bits O6 and 07 in the Main Status Register must be in a 0 and 1 state. 
respectively, before each byte of the command word may be written into the uPD765. 
Many of the commands require multiple bytes, and as a result the Main Status Register a 
must be read prior to each byte transfer to the uP0765. On the other hand, during the Dp 
Result Phase, 06 and D7 in the Main Status Register must both be 1°s (06 = 1 and : 
D7 = 1) before reading each byte from the Data Register. Note, this reading of the 
Main Status Register before each byte transfer to the uwPD765 is required in only the 
Command and Result Phases, and NOT during the Execution Phase. 


During the Execution Phase, the Main Status Register need not be read. If the uPD765 
is in the NON-OMA Mode, then the receipt of each data byte (if uPO765 is reading data 
from FOD) is indicated by an Interrupt signal on pin 18 (INT = 1). The generation of a 
Read signal (RD = 0) will reset the Interrupt as well as output the Data onto the Data 
Bus. If the processor cannot handle Interrupts fast enough (every 13 ws) then it may 
poll the Main Status Register and then bit D7 (ROM) functions just like the Interrupt 
signal. If a Write Command is in process then the WR signal performs the reset to the 
interrupt signal. 


if the uPD765 is in the OMA Mode, no Interrupts are generated during the Execution 
Phase. The uPD765 generates DRQ’s (OMA Requests) when each byte of data is avail- 
able. The OMA Controller responds to this request with both a DACK = 0 (OMA 
Acknowledge} and a RD = 0 (Read signal). When the OMA Acknowiedge signal goes 

a low (DACK = 0) then the OMA Request is reset (DRO = 0). | if a Write Command has 
been programmed then a WR signal will appear instead of RD. After the Execution 
Phase has been completed (Terminal Count has occurred) then an Interrupt will occur 
(INT = 1). This signifies the beginning of the Result Phase. When the first byte of data 
is read during the Result Phase, the Interrupt is automatically reset (INT = Q). 


it is important to note that during the Result Phase all bytes shown in the Command 

Table must be read. The Read Data Command, for example has seven bytes of data in 

the Result Phase. All seven bytes must be read in order to successfully complete the 

Read Data Command. The pP0765 will not accept a new command until all seven 

bytes have been read. Other commands may require fewer bytes to be read during the 
Es . Result Phase. 


The P0765 contains five Status Registers. The Main Status Register mentioned above 
may be read by the processor at any time. The other four Status Registers (STO, ST1, 
ST2, and ST3) are only available during the Result Phase, and may be read only after 
successfully completing a command. The particular command which has been executed 
determines how many of the Status Registers will be read. 


The bytes of data which are sent to the uPD765 to form the Command Phase, and are ne es 
read out of the uPD765 in the Result Phase, must occur in the order shawn in: the Com: sg he 
mand Table. That is, the Command Code must be sent first and. the other bytessent’in- >. 
the prescribed sequence. No foreshortening of the Command or Result Phases are Bie 
allowed. After the last byte of data in the Command Phase is sent to the uPD765, the = 

Execution Phase automatically starts. In a similar fashion, when pacar adastions ears: 

read out in the Result Phase, the command is sutomatically ended andthe uPD763%e ~ * 
ready for anew command. A command may be truncated (prematurely ended) by: rar a 
simply sending a Terminal Count signal to pin 16 (TC = 1). This is a convenient means. .. + 
of ensuring that the processor may always get the uPD765’s attention even if the disk Lat 
system hangs up in an abnormal manner. ant oa 
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ie — PUNCTIONAL 
ne (9) byte words are required to place the FDC into the Read Data Mode. After the Read Data DESCRIPTION OF 
hast issued tne FOC loads the head {if st 18 in the unioaded state), warts the specified head COMMAN Os 


ne (Ory in the Soecity Command), and begns reading ID Address Marks and ID fieiag When 
it seetG: number (°R”) stored in the 1D Regnier (1OR) compares wih the sector number read off 
tte, Then the FOC outputs Gata itrom the data field) byte-to byte to the main system ww the date 


Moletion of the read operation from the current sector, the Sector Number 1s incremented by one, 
data trom the next sector & read and output on the data bus Thrs continuous read funcuon ss catled 
.»Settor Read Operation.” The Read Data Command may be terrmninated by the rece:pt of a Terminai 
gnal. Upon receipt of ths signal, the FOC stops outpurting dats to the processor, but wil continve 
i data from the current sector, check CRC (Cycicc Redundancy Count) bytes, and then at the end of 
stor terminate the Read Oata Command. 


mount of data which can be handied with 8 sunge command to the FOC cepends upon MT {multe 
). ME (MEM/EM), and N (Number of Bytes/Sector). Table 1 below shows the Transfer Capacity. 


ie As MF M/FM ace Maximum Transfer Capacity Final Sector Read 
MF (Byres/Sector) (Number of Sectors) - from Diskette 


0 (128) (26) = 3,328 | 26 at S.ceO 
Q : . (256) (26) = 6.656 | or 26 at Side 1 
1 00 128) (52) = 6,656 _ 
’ ; 01 oa (52) = 13,312 aia ee 2 
0 | 0 a1 (256) (15) = 3,840 | SarSceo | 
0 1 02 (512) (15) = 7,680 | of 18 at Side 1 
1 (30) = 7.6 
| ; = ee ae « ie 460 1S ot Sede 5 
| 0 0 02 (512) (8) = 4,096 8 at Sice 0 
| 0 | 1 03 (10241 (8) = 8192 
1 1 (1024) (16) = 16.384 


Table 1. Transter Capacity 


The “multi-track” function (MT) allows the FOC to read data from both sides of the diskette. Foe a 

pa Ww Cylinder, data will be transferred starting at Sector 0, Side 0 and completing at Sector L, Side } 
(Se. L * tast sector on the sde}. Note, this funcuon pertains to oniy one cylinder (the same track} on 
eacn side of the diskette. 


When N = 0. then OTL detines the data length which the FOC must weat as a sector. If OTL is smaiier than 
the actual data jength in a Sector, me data beyond OTL in the Sector, 1 not sent to the Data Bus The FOC 
reads (internally! the complete Sector performing the CRC check, and depending upon the manner of com- 
mance terminat.on. may perform a Multt:-Sector Read Operation. When N 1s non-zero, then OTL has no 
meaning and snouid be set to FF Hexidecimal. 


At the completion of tne Read Oara Command, the head 1s not uniosded until atrer Head Unioad Time 
Imerval (specified in the Specify Command) has elaosed. If the processor issues another command before 
the Nead uNnioads then the head settling trme may be saved between subsequent reads. This time out 1s 
particularly valuable when a Grskette 1s coped trom one Grive to another. 


It tne FOC detects the index Hole twice without finding the right sector, (indicated in “R™}, then the FDC 
sets tne NO iNo Data) flag in Status Register 1 to a t (high), and terminates the Read Data Command. 
(Status Regste: 0 aiso nas bits 7 ana 6 set to 0 and ' respectively.) 


Atter reading the 1D and Data Fields in each sector, the FOC checks the CRC bytes. If a read error is 
Getected (incorrect CAC in 1D fetal, the FOC sets the OE (Data Error) flag in Status Regster 1 toa 1 (high), 
and if a CRC error occurs in the Data Freid the FOC atso sets the OD (Data Error in Data Fieid) tlag in 


Status Regier 2 to a 1 (nigh). ang terminates the Read Data Command. (Status Register 0 also has bits 7 og 
and 6 set to 0 and 1} respectively.) : | OS 


Status Register 2 to a 1 (high), and terminates the Read Oata Command. 

if tre FOC reads a Deleted | Data Address Mark off the diskette, and the SK bit (bit OS in the first Command ue ee 

Word) 1s not set (SK = 0), men the FDC sets tne OM (Control Mark) flag n Status Register 2 to 2 1 (hegh }, ; - ne A * 
and terminates the Read Data Command, after reading ail the data in the Sector. If SK = 1, the FOC skips a eee By! pc . = 

the sector with the Deleted Data Adcress Mark and reads the next sector. lie pre. ae ares 


During disk data wansfers between the FOC and the processor, via the data bus, the FOC must be serviced 
by the orocessor every 27 us in the FM Mode, and every 13 us in the MEM Mode, or the FOC sets the OR | ae : 
(Over Run) tlag in Status Regrster 1 to a 1 (hoghl, and terminates the Read Data Command. | 

If the processor terminates a read (or wnte) operation in the FOC, tren the 1D Information in the Result 

Prate 1s dependent upon the state of the MT bit and EOT byte. Table 2 shows the values tor C,H, R, and 

N. when the processor terminates the Command. 
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FUNCTIONAL . Fi 7 tO jicnneuen at Resi nen 
ee Pe po ee 
COMMANDS (CONT.) | 2s CE 


ai Sector 1 to 2 at Side 0 


Sector 9 to 14 at Side O 
Sector 1 to 7 at Side O 


Sector 26 a1 Side 0 
Sector 15 at Side 0 NC 
Sector 8 at Side 0 


Sectors 1 to 25 at Side 1 
Sector 1 to 14 at Sede 1 
Sector 110 7 a1 Side 1 


Sector 26 at Side 1 
Sector 15 at Side 1 
Sector 8 at Side 3 


Sector 1 to 25 at Side 0 


Sector Tro 14 3t $.de 0 NC | 
Sector 1 to 7 at Side 0 ! 
Sector 26 at Side 0 i 
Sector 15 at Site 0 NC ! 
Sector 8 at Side 0 


Sector + to 25 at Side 1 
Sector 1 10 14 at Side 1 
Sector 1 to 7 at Side 1 


Sector 26 at Side 1 
Sector 1§ at Sede 1 
Sector 8 at Side 1 


Notes: 1 NC (No Change): The same vaiue as the one at the begnning of command execution. 
2 LSB (Least Significant Bit): The least significant bet of 1 vs caornpiemented. 


Table 2: 1D ilnformauon When Processos Terminates Command 
WRITE DATA 


A set of nine (9) bytes are required ta set the F DOC into the Write Data mode. After the Write Data command 
has been issued the FOC loads the head (if it is in the unicaded state), warts he wecified heat settit.g treme 
(defined in the Specity Command), and begins reading ID F veids. When the current sector number (°°R”), 
stored in the ID Regster (OR) compares with the sector number read off the diskette, then the FOC takes 
data from the processor byte-by- byte via tre Gata bus, and outputs it to the FOOD. 


After wnting data into the current wctor, the Sector Number stored in “R” 1s incremented by one. and the 
next data freld is written into. The FOC continues this “Multi-Sector Write Operation” until the issuance of 
a Terminal Count signal. If s Terminal Coumt signat is sent to the FOC 1t continues wriung imto the current 

sector to complete the data field. If the Terminal Count signal 1s recerved while a data fieid 15 being written 

then the remander of the data field is filled with 00 (zeras). 


The FOC reads the IO field of each sector and checks the CRC bytes If tne FOC detects a read error 
(incorrect CRC) in one of the 1D Fields, it sets the OE (Data Error) nag of Staws Regster 1 10 @ 1 (high), 
and terminates the Write Data Command. (Status Regrster 0 alsa has bits 7 and 6 set to 0 and 1 respectively.) 


a pil eh esha ol ca aaa Aas 
same, and one should reter to the Read Data Command tor detaiis: ; ig ah, em 


eo Trarster Capacity @ Head Unioad Tine imerval ae Be | 
e@ EN (End of Cylinder) Flag e 10 tntormauon when the processor rerminenes commanet (wee Tobie 27 
@ NO (No Data) Fiag e Detmition of OTL wnenN = 0 and wnen N @ OG 


In the Weite Data mode, data transters between the processor and FOC. wa the Oate Bus, must OCeur every 

31 us in the FM mode, and every 15 us 1n the MEM mode. If the time interval between dete transters is: a 
longer than this then the FOC sets the OR (Over Run) tiag in Status Reguseee 1 wo at Greghh, ancheserwinaten 
the Wenie Data Command. (Status Regrster 0 aso has bit 7 and 6 set to 0 and 1 Bata 


WRITE DELETED DATA 


Ths command 1s the same as the Wene Osta Command excent 2 Deleted Osts Address Mart § is mime 
beginmng of the Data Field instead of the normal Data Addren Mark. 


REAO DELETED DATA 


Ths command is the same as the Read Osta Command except that when the FOC detects a Data Address 
Mark at the beginning of a Oata Fieid (and SK © 0 (iow), 11 will read all the Gata in the sector and set the 
MO ftiag in Status Register 2 to a 1 (high), and then terrmmunate the command. It SK = 1, then the FOC skios 
the sector wih the Dats Address Mark and reads the next sector. 


Wars, 


itt “4 
= a are el 


y ~ 
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FUNCTIONAL 


TRACK : 
mand n similiar to READ CATA Command except that this is 8 continuous READ operation DESCRIPTION OF 
@ entire contents of the track are read. immediutely ster encountering the INDEX MOLE, the 
- gif data on me track, Gao bytes, Address Masks snd Oata are ali read a & Comtinuous COMMANDS (CONT.) 


ts fer 

rar, brome OC finds an error on the 1D of OATA CRC check bytes, it continues to resd dats 
@ track. ihe FOC compares the 10 information read from each sector with the value stored in the 

id sets the NO flag of Status Register 1 toa 3 (high) if there is no comparson, Multr track or skip 


Ons are not allowed wim ths Command. . 
wmnmand terminates when EOT number of sectors have been read (EOTmsx © FFnex © 25Scech. 


FOC does not find an (0 Address Mark on the diskette after it encounters he INDEX HOLE for the 
J time, then it sets the MA (missing address mask) flag in Status Regster 1 10 a 1 (hgh), and terme 
the command. (Status Register 0 has bits 7 and 6 set to 0 and 1 respectively). 


Dio . 
READ 1D Command is used to give the present position of the recording head. The FOC stores the 
us from the first ID Field it 1s able to read. Hf no proper IO Address Mark is found on the diskette, 

we the INDEX HOLE is encountered for the second tme then the MA (Missing Address Mark) flag in 

ius Register 11s set to a 1 (nigh), and tf no Gata 1s found then the NO (No Data) flag 1s also set in Status 


ester 1 ta. a 1 (high). The command is then termmnated with Bits 7 and 6 in Status Regster O set to 0 


$12 respectively. 


JRMAT A TRACK ; 

‘e Format Command attows an entire track to be formatted. After the INDEX HOLE is detected, Osta is 
ritten on the Diskette: Gaps. Address Marks, 1D Fietds and Data Fields, ali per the IBM System 34 (Double 
lersity) or System 3740 (Single Density) Format are recorded. The particular format which will be written 
s controlled by the values programmed into N inumber of by tes/sector), SC (sectorscyiinder), GPL (Gap 
Length). and O (Data Pattern) which are supplied by the processor during the Command Phase. The Oata 
Field is filled with the Byte of cata stored in D. The 1D Field for each sector s wpplied by the processor; 
that is, four data requests per sector are made by the FOC for C (Cylinder Number), H (Head Number), 

R (Sector Number} and N (Number of Bytes/Sector). Tha allows the diskette to be formatted with nor- 


sequential sector numbers, if Gesired. 
After formatting each sector, the processor must send new vaiues for C, 4, R, and N to the uwPO765 for 


each sector on the track. The contents of the R register is incremented by one sfter each sector is 
formatted, thus, the R regnter contains a value of R + 1 when it is read during the Rewit Phase. This 
incrementing and formatting continue for the whole Cylinder unt the FOC encounters the INDEX HOLE 
tor cond time, whereupon :t terminates the command. 

1 @ FAULT signal is received from the FOO at the end of 2 write operation, then the FOC sets the 
EC flag of Status Register 0 toa 1 (high), and terminates the command after setting bits 7 and 6 of Status 
Register 0 to 0 and 1 respectwely. Also the joss of a READY signal at the begnning of a command 


execubon phase causes its 7 and 6 of Status Regster 0 to be set to 0 and 1 respecitvely. 
Table 3 shows the relationship between N, SC, and GPL. for various sector sizes: 


SECTOR SIZE 


128 by tes/Secior 
256 
512 
1024 bytes/Sector O3 
2048° | 04 


(OM Oiskette 1 
IBM Disketie 2 


IBM Diskette 2D 


IBM Diskette 2D 


Tate 3 


Note: Suggested values of GPL in Read or Write Commands to avon splice point between data fieid 


and 10 field of contiguous sections. 
@ Suggested values of GPL in formst command. 


FUNCTIONAL 
DESCRIPTION OF 
VMANDS (CONT.) 


SCAN COMMANDS 


The SCAN Commands silow data which is bring read from the diskette to be Compared against Gate whicn 
is bring suppived from tne main system (Processor in NON-OMA mode, and OMA Conwoilier nm OMA mode). 
The FOC comoares the dats on a byte-by-byte Das, and fooks for a sector of data whch meets the conde 
toons of OFOD * OProcessor. OFDD “ OPracessor. of OF DO F OProcessor. Ores commiement arith- 
metic 1s used for comparison (FF = jargest number, 00 © smaliest number). After 8 whole sector of Gata 
is Compared, if the conditions are not met, the sector number a wncremented (R_ + STP — Rj, and the scan 
Oper ation 1s continued. The scan operation continues until one of the followsng conditions accur; the con- 
ditions for scan are met (equal, low, or high), the last sector on te track is reached (EOT). or te termmnal 
count sgnal 2 recewved. 


if the conditions for scan are met then the FOC sets the SH (Scan Hit) flag of Status Register 2 to 3:1 
(high), and terminates the Scan Command. If the conditions for scan are not met between the starting 
sector (as specified by Ri} and the iast sector on the cytinder (EOT), then the F DC sets the SN (Scan Not 
Satrstied) fieg of Status Register 2 to a } (hogh), end terminates the Scan Command. The recewt of 3 
TERMINAL COUNT signal from the Processor or OMA Controller Guring the scan operation wa! cause the 
FOC to complete the comparison of the particular Dy te winch 1s in process. and then to terminate the com- 
mand. Table 4 shows the status of bits SH and SN under various conditiom of SCAN. 


STATUS REGISTER 2 
COMMAND 
on ae 
’ sem OP rocessor 
OFOD * OProcessor 
Scan Low or Equal DF OD < OProcessor 
DE OD « OPracessor 


Table 4 


«a © 


~~ Oo 


DEOD * OProcessor 
OF0O < DProcessor 
OFOD 2 OProcessor 


if the FOC encounters a Deleted Data Address Mark on one of the sectors (and SK = 0), then it regards the- 
sector as the last sector on the cylinder, sets CM (Control Mark) fiag of Status Register 2 to a 1 (high) and 
terminates the command. if SK = 1, the FOC skips the sector with ne Deleted Address Mark, and reads 
the next sector. In the second case (SK = 1), the FOC sets the CM (Control Mark) flag of Status Regrster 2 
ta a 1 (hgh) in order to show that a Deleted Sector had been encountered. 


When either the STP (contiguous sectors © 01, or alternate sectors = 02 sectors are read) of the MT (Mult> 
Track) are programmed, it is necessary to remember that the last sector on the wack must be read. For 
example, if STP = 02, MT = 0, the sectors are numbered sequentially 1 through 26, and we start the Scan 
Command at sector 21; the following wiil happen. Sectors 21, 23, anc 25 will be read, then the next sector 
(26) wild be skipped and the index Hole will be encountered betore the EOT value of 26 can be read. This 
well remit in an abnormal termination of the command. {f tre EOT had been set at 25 or the scanning 
Started at sector 20, then the Scan Command would be completed in a normal manner. 


During the Scan Command data is supplied by either the processor or OMA Controlier for comparison 
against the data read from the diskette. In order to avoid having the OR (Over Run) flag set in Status 
Register 1, it is necessary to have the data available in less than 27 us (FM Model or 13 us (MFM Mogae). If 
an Overrun occurs the FOC ends the command with bits 7 and 6 of Status Regier 0 se1 10 0 and 1, 
reepectively. 


SEEK 


A 3 e ~ Fo, . 
The read/write head within the FOD +s moved from cylinder to cylinder under control of the See 
Command. The FOC compares the PCN (Present Cylinder Number) whrch the current head petition 
wath the NCN (New Cylinder Number), and if there is a difference performs tre followng opershon: 

“eh dthe? eee 


PCN < NCN: Direction signal to FOD set to 3 3 (high), and Step Pulses are sued. (Step ind we eT 
PCN > NCN: Direction signal to FDD set to a 0 (low), and Step Pulses are issued. (Step Out.) ~ amy” 


The rate at which Step Puises are issued is controlled by SRT (Stepping Rate Time) in the SPECIFY Com ses 
mand. After each Step Pulse is issued NCN as compared against PCN, and when NCN © PCN, then he SH $B ZZ 


at * OK 
ae 


oe 


ss 


(Seek End) fiag is set in Status Register 0 to 2 1 (high), and the command is tarminaed. a maodbonet | whe 


During the Command Phase of the Seek operstion the FOC is in the FOC BUSY state, but during the : OE. 
Execution Phase it isin the NON BUSY state. While the FDC is in he NON BUSY state, another Seek 
Command mey be imued, and in this manner paraiiel seek operations may be done an up to 4 Drives at 
once. 


if an FDO is in a NOT READY state at the begnning of the commend execution phase of during the seek 
Operation, then the NR (NOT READY) fing is set in Status Regster 0 to 2 3 (fegh), and the command rs 
terrmenated atter bits 7 and 6 of Status Register 0 ave set to 0 and ! respectivety. 
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